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Editors 


HE plans of the Army and Navy for the utilization 

of colleges and universities have recently been 
announced. They are scarcely more, nor less, than 
might have been expected. Of course, we shall not 
find here any provision for industry or other civilian 
activities, since these plans are concerned with training 
for armed service. We must still look to Selective 
Service for such provision. On the whole, the situation 
is reasonable and much more promising than it might 
have been. Educational institutions are not to be 
commandeered by the Services. While the general 
curriculum is to be dictated, the actual control of teach- 
ing and operation is in the hands of the colleges. The 
Army and Navy merely propose to send some hun- 
dreds of their enlisted personnel to college, with all 
expenses paid. The Campus will be rather a different 
place—but so, also, will be the rest of the town. “Joe 
College” of the 1920’s will be Private Joseph Winters 
or Corporal Giuseppe Marsolini. 

In the present outline chemistry has no stipulated 
place. Both the Army and Navy refer to technical 
students of engineering, and the Navy mentions 
“science’’ as an element in its curriculum. It may be 
supposed, however, that when it comes to the inter- 
pretation of details ‘‘engineering’”’ will be expanded to 
include the fields of chemistry and physics, as has been 
the case with the original Engineering Defense Training 
program. 

More recently, the War Manpower Commission, 
speaking for Selective Service, has announced an en- 
largement of the provisions for occupational deferment 
of students of chemistry in approved colleges and uni- 
versities, making eligible all those who are within two 
years of the end of their training. This would evi- 
dently include undergraduates who entered college on 
“accelerated programs” last June. 

But deferments extend only to the end of the aca- 
demic term and we fear that the uncertainty of subse- 
quent renewal, on the one hand, and the lure of a 
uniform and active service, on the other, will lead many 
students to stop their training who ought to be kept at 
it. While Chairman McNutt has specifically urged all 
male university and college students to remain in 
school until called for military service, we feel that 
something more in the nature of a positive order should 
have been issued, as far as technical students are 
concerned. 

The abolition of voluntary enlistments will help 
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materially, when the order really becomes effective. 
Then it will be up to the Selective Service Boards to 
see that young men with scientific ability are put and 
kept where these abilities can be made use of. It 
should not be necessary for such young men to become 
plaintiffs. 

We had hoped for the establishment of something 
like the ‘‘Professional Training Reserve,’ to which we 
referred in this column last March. This plan, first 
conceived and named by Professor H. S. Booth, of 
Western Reserve University, was also mentioned again 
in a recent editorial in Chemical Indusiries. Perhaps it 
will not be lost sight of entirely. 


Ore of the most significant outcomes of the present 
shortage of man power is the increased utilization 
of woman power. This movement has been largely led 
by the aircraft industry, a large portion of which is now 
manned by women. A good evidence of the increasing 
technical employment of women is the enormous in- 
crease in the number of women enrolled in the courses 
given in the Engineering, Science, and Management War 
Training program, a proportion which has now reached 
twenty per cent of total enrolment. Many agencies and 
industries have specifically asked for women trained in 
this program. 

Behind all this is, of course, the fact that if women are 
to take an active part in the present emergency, they 
must be made ready for it in a hurry; there is not time 
for long courses of training. If millions of women are to 
be put into our trained labor ranks—as is planned for 
the next year—they must be made ready by short 
courses. A 

The place of women in the chemical profession has 
been a rather precarious one, up to the present. Now, 
however, any woman who has the least semblance of a 
chemical training can put it to good use. Industries 
have indicated that they can use women who are famil- 
iar with the motions of the chemical laboratory and who 
have the skill and facility to operate standard chemical 
apparatus, even though they do not have the sound 
background of professional training. We may expect to 
see the development of short courses of training leading 
to this limited degree of skill. Of course, those trained 
in this way will not be professional chemists, any more 
than those who are punching rivets in airplane wings are 
engineers. But they are needed, just the same. 
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Whati Been Going Ou 


YNTHETIC WHITE sapphire—the mineral corundum unpig- 
mented and of gem quality—is now available in the form of 
boules from The Linde Air Products Company, a unit of Union 





Courtesy of Linde Air Products Company 


AMERICAN-MADE SAPPHIRE BouLes. Lert, A 200-CARAT 
BouLE TYPICAL OF PRESENT COMMERCIAL PRODUCTION. RIGHT, 
THE ‘1943’? MopEL, ONE OF THE LARGEST YET MADE BY THE 
LINDE AIR Propucts CoMPpANY. IT WEIGHS ABOUT 350 CARATS 
AND Its ToTaL AcTUAL LENGTH IS Two AND THREE-QUARTERS 

INCHES 


Carbide and Carbon Corporation. The boules, the form in which 
the sapphire is manufactured, each weigh at least 150 carats and 
are of a regular cylindrical shape, enabling gem cutters to stand- 
ardize on cutting and sawing procedures. The material, as now 
made, is practically perfect, any imperfections being microscopic 
in size and having no effect whatever on the quality of the ma- 
terial for precision-bearing surfaces and other essential industrial 
parts. 

Instigated by the need of a domestic source of industrial gems, 
the manufacturer in less than two years equaled and, in some re- 
spects, has surpassed the quality of European gems, formerly the 
only synthetics obtainable. Since domestic production started, 
it has grown so that it is now capable of handling the entire mili- 
tary demand for all the United Nations. 

Mineralogically, the hardness of the American white sapphire 
is exceeded only by the diamond. Once they are cut, the jewels 
are also surprisingly tough in terms of resistance to breakage by 
impact. Moreover, because they have a melting point of over 
3700°F. (2038°C.), they are also heat resistant to a high degree. 
An additional advantage is the boules’ uniformity of size and 
shape, which leads to economical cutting. 

Many essential uses are already being made of jewels cut from 
these synthetic boules. Among locations where they serve 
economically are as the jewel bearings of chronometers, com- 
passes, and electrical, fire-control, and aircraft instruments. In 
such instruments, they are employed in the form of ring bearings 
or V-type and cup-type end bearings. Pallets are also made for 
watch escapements. 

Other successful although still experimental uses of the white 
sapphires are as thread guides in the manufacture of rayon, as 
orifices for flow meters and oil-burning equipment, and as insula- 
tors in gas-filled or vacuum thermionic devices. Indications are 
that they are also suitable for use as diesel-engine injector noz- 
zles, as rollers for small needle bearings, and for cutting tool tips 
to perform high-speed finishing operations on certain non-ferrous 
metals. Their complete chemical inactivity when exposed to all 
types of corrosion except strong mineral acids and alkalies may 
suggest additional uses to designers of chemical equipment. 





THE LIFE-STORY OF A DIAMOND 


Many diamonds are used in the drawing of fine wire. 


For this purpose a hole from 


0.0025 to 0.0641 inch in diameter is drilled in the diamond, which is then imbedded in 


the center of a metal die shaped like a thick coin. 
‘*Several dies, each having a slightly smaller hole in the center, are placed in each 


automatic wire-drawing machine. 
drawn, the diamonds show signs of wear. 
reuse. 
urement of the new size on the die. 


After several thousand pounds of wire have been 
They are then redrilled to a larger size for 
Like a librarian checking out a new book, the diemaker then stamps the meas- 


** After several reborings, however, the diamond becomes too large for drawing small 


wire. 


Then the die may be dissolved chemically and the diamond removed. The dia- 


mond is crushed into dust, which in turn is sifted through an extremely fine sieve. 
Sifting guarantees uniformity of diamond dust particles.” 

After the diamond dust has been sifted and graded it is then used for polishing the 
dies of tungsten carbide through which the larger sizes of wire, or even rods, are drawn. 
Tungsten carbide is a material nearly as hard as the diamond itself. After the diamond 
dust has been once used for the polishing process it contains oil, tungsten carbide and 


cobalt particles, and other dirt. 


To recover the valuable diamond dust for use again, 


a process has been developed by the General Electric Company which saves a great deal 


of time and valuable material. 























Structure of Synthetic Chain Polymers 


as Shown by X-rays 


C. S. FULLER and W. O. BAKER Bell Telephone Laboratories 


HEMISTS have long pondered over the structure 
of the natural products, cellulose and rubber. It 
is now established that these substances as well as a 
host of synthetic plastics and artificial rubbers and fi- 
bers consist of chain-like molecules composed of hun- 
dreds of atoms united together by primary valence 
bonds. Chemically these polymeric molecules, as they 
are called, are quite simple, since as a rule they con- 
sist of a characteristic group of atoms repeated over and 
over to form the final long molecule. This recurring 
group is conveniently referred to as the chemical re- 
peating unit. 

The physical properties of any given polymeric sub- 
stance obviously depend on the chemical structure of 
this repeating unit or group as well as on the average 
number of units composing the chain molecules. The 
first of these factors determines the forces between the 
units in neighboring chain molecules and the way in 
which the units pack together. The second factor, the 
average molecule length, has a predominant influence 
on the fraction of the total number of repeating units 
which are ordered in the case of more crystalline poly- 
mers and on the time of relaxation or ability to flow in 
the case of amorphous polymers. In the case of crys- 
talline polymers the average molecule length is also of 
critical importance in their ability to form true syn- 
thetic fibers. Unless the molecular weight is sufficiently 
high, true fibers showing high tensile strength and char- 
acteristic x-ray fiber patterns cannot be obtained. 

An excellent starting point in attacking the problem 
of physical structure of polymeric compounds is offered 
by these synthetic fibers. Since they are predomi- 
nantly crystalline, x-ray methods can be applied to 
them and since the chemical structure of the chain mole- 
cules is completely known from their method of prepa- 
ration, the influence of changes in the chemical re- 
peating unit on the x-ray patterns can be determined. 
In what follows a résumé of some of the results of such 
changes in chemical structure is given. 

The simplest long chain molecule is a high molecular 
weight paraffin. Its chemical repeating units consist of 
CH: groups. As is well known from the work of Miil- 
ler' and others, these compounds form crystals in which 
the molecules are plane zigzag structures and pack like 
flattened rods. Recently paraffin fibers have been ex- 


1 Mutter, Proc. Roy. Soc., 120A, 437 (1928). 








amined byx-rays.? As might be expected these show that 
the molecules pack in the manner found by Miiller. But 
the crystalline regions present in the fiber are very small, 
and, in fact, are usually smaller than the molecules 
themselves, which may be pictured as passing from one 
crystalline region to another. The-fiber pattern (Fig- 
ure 1 (A)) is extremely simple. Figure 2 illustrates 
how the layer-lines of the pattern are connected with 
the repeating distance in the polyethylene fiber. The 
diagram consists of a set of equatorial reflections (found: 
along the center horizontal line) which correspond ex- 
actly in spacing to those found in single crystalsof paraf- 
fins. In addition, a set of strong layer-line reflections 
(near the upper and lower periphery in Figure 1 (A)) 

arising from planes which penetrate two successive car- 

bon atoms in each chain, is present on the photograph. 

Beyond these no other reflections are evident. How- 

ever, electron diffraction photographs* show a meridian 

reflection at 1.25 A. which arises from the fact that the 

bundle of paraffin chains provides horizontal layers of 

carbon atoms at this distance apart. This reflection 

falls outside of the range of Figure 1 (A). The simple 

fiber pattern therefore readily demonstrates the essen- 

tial features of the structure, namely, parallel chains 

arranged along the axisof the fiber with the carbon atoms 

in adjacent chains opposite one another. Furthermore, 

the pattern shows from the breadth of the reflections 

that crystal regions of the order of 500 A. or less are 

present in the fiber. These crystallites, as they have 

been called, must all be arranged with one axis parallel 

to the axis of the fiber and the other axes rotated at 

random in order to give the observed x-ray results.‘ 

Let us now consider what changes in this sample 
paraffin fiber occtir if we introduce polar groups at regu- 
lar distances along the chain molecules. The simplest 
way of realizing this in practice is through the synthe- 
tic polyesters.*® These are compounds whose mole- 
cules are composed of sections of paraffinic hydrocar- 
bon separated by ester linkages. There are two types: 
one produced by the polyesterification of hydroxy 
acids and the other produced by the interaction of gly- 
cols and dibasic acids. The structures of the chains in 

2 Bunn, Trans. Far. Soc., 35, 482 (1939). 

3 Srorxs, J. Am. Chem. Soc., 60, 1753 (1938). 

4 Potanyl, Z. Phystk., 7, 149 (1 921). 


5 CAROTHERS AND Hit, fa Am. Chem. Soc., 54, 1559 (1932). 
6 FuLLER, Chem. Rev., 26, 143 (1940). 
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FIGURE 1.—X-RAY FIBER PATTERNS, WITH THE FIBER AXIS VERTICAL 
(A) Polyethylene; (B) Poly-w-undecanoate; (C) Poly-w-decanoate; (D) Polyethylene Suberate; .(£) Polyethylene Azelate; 
(F) Polyethylene Succinate; (G) Polydecamethylene Suberate; (H) Polytrimethylene Sebacate; (J) Poly-w-undecanamide; (J) 
Polyhexamethylene Sebacamide, Quenched; (K) Polyhexamethylene Sebacamide, Annealed; (ZL) Polyvinyl Alcohol; (17) Unoriented 
Cellulose Triacetate, Quenched; (N) Unoriented Cellulose Triacetate, Annealed; (O) Polyisobutylene; (P) Polyvinylidene Chloride. 
Patterns (A), (B), (C), (D), (£), and (G) were taken at 3.5 cm. and the remaining patterns at 4 cm., before reproduction. 
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the two cases are shown below neglecting the end 
groups: 
Hydroxy acid polymer: 
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Dibasic acid-glycol polymer: 
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The arrows indicate the chemical repeating unit in 
each case and and m are integers chosen so that the 
repeating unit exceeds six chain atoms. Itis evident 
that by the suitable choice of starting compounds, the 
polar elt oi groups can be spaced any arbitrary dis- 


O 
tance apart. In the case of the dibasic acid-glycol 
polymer it is possible to space successive —-O—C— 


| 

O 
groups differently. Inasmuch as the C—O bond dis- 
tance approximates the C—C distance and the scattering 
power of the O atom is nearly the same as the C atom, 
one may consider the chain molecules from the x-ray 
standpoint as identical essentially with a paraffin chain 
in which every so often we have replaced in a regular 
manner the two hydrogen atoms of a CH group with 
an oxygen atom. 

First let.us consider that we carry out this change on 
every thirteenth carbon atom along the chain as shown 
in Figure 3 (a). This is done in practice by self-react- 
ing w-hydroxy undecanoic acid. The material so ob- 
tained is less waxy and harder than the paraffins and is 
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POLYETHYLENE 


FIGURE 2.—RELATION OF CHAIN STRUCTURE IN A PARAFFIN 
POLYETHYLENE, TO ITS X-RAY DIAGR'‘AM 


capable of giving true synthetic fibers on cold-drawing. 
Figure 1 (B) shows the pattern obtained by exposing 
It will be noted that 


these fibers to the x-ray beam. 








the pattern is nearly identical with that of Figure 1 (A) 
except that there is now an additional layer-line re- 
flection on either side of the meridian or center vertical 


line above and below the center of the pattern. This 


‘reflection arises from planes of atoms which include the 
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FIGURE 3.—SCHEMATIC FORMATION OF DIPOLE LAYERS (a) 

WITH STRONG ASSOCIATION IN POLYUNDECANOATE (EVEN 

NUMBER OF CHAIN Atoms), (0) WITH WEAKER ASSOCIATION IN 

POLYDECANOATE (OppD NUMBER OF CHAIN ATOMS). SMALL 
ARROWS INDICATE DIPOLE VECTORS 


additional oxygen atoms we have added to the molecule. 
These planes are inclined both to the direction of the 
chains and the fiber axis as shown by the fact that the 
reflections do not coalesce on the meridian line as they 
would if the planes were perpendicular to the chains. 
The structure may be pictured as in Figure 3 (a) where 
the dipole vectors at each ester group as well as the 
planes referred to above are indicated. As might be 
expected, these vectors take up stable head-to-tail 
positions thus giving rise to the “tilted” layers of di- 
poles. The behavior is strictly analogous to that ob- 
served in low molecular chain compounds where, how- 
ever, the chains are regarded as tilting to the polar 
layers instead of the reverse, as in the present case. 
From the new layer-line reflection of Figure 1 (B) we 
can calculate according to well-known formulas‘ the 
fiber period or, what amounts to the same thing in this 
case, the distance in the fiber axis direction between 
successive dipole layers. This value is 15.0 A., which is 
in excellent agreement with that which we would have 
calculated from Figure 3 using accepted dimensions for 
the atomic positions. Thus, the pattern of Figure 
1 (B) proves again that in the fiber we are concerned 
with numerous minute crystal regions all oriented alike 
with the molecule axes along the fiber axis, that the 
chains are extended planar zigzag arrangements of 
atoms, that they are packed together in the same way as 
in the simple paraffins and finally that the dipoles added 
to the chain have sought each other out and formed into 
layers inclined to the fiber axis. This phenomenon of 
layering of polar groups in fibers is quite general and of 
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great importance in connection with their physical be- 
havior. 

Next let us consider what happens when instead of 
every thirteenth atom we insert our oxygen at every 
twelfth chain atom. It is evident from Figure 3 (0) 
that in this case, as a consequence of the zigzag nature 
of the chain, we must alternate from side to side. Fig- 
ure 1 (C) shows the fiber pattern provided by fibers of 
w-hydroxy decanoic acid which conform to this require- 
ment. Again the pattern is very little modified from 
that shown in Figure 1 (B). However, the new reflection 
appears now exactly on the meridian line, showing that 














x } , ; ; 

‘c s oO. . Cc, Cc. 
/ ~ 0 x pss ye cs 
a c. * C——0:¢—0=¢2 
’ , me) ,O J 
"os “Aiiie of A c c vo 
ies ic & 

‘ . c, | | oO, wa oO, Td 
20. ce Xc | -—cto— 

“Cie ie’ ox C. | Cc, Cc, 

x 1ez0. Ye | c x 
c, oO, Ss UC | c. ok 

,O J £20 | ic G 

O2e’ of On Ne rat c 

eS. x£ & x 
c. oh Cc, c, 

x xe) -Cs0—C, 
c. ; Ces 

& G x 
Cc. f Cc 

‘¢=0 be Jo 
on | q ini 

) Xe 





(a) (b) 


FIGURE 4.—SCHEMATIC FORMATION OF DIPOLE LAYERS IN THE 

CRYSTALLINE REGIONS OF (a) POLYETHYLENE SUBERATE, AN 

“Even” PoLyesTER; (b) POLYETHYLENE AZELATE, AN ‘‘OpD”’ 

POLYESTER IN WHICH THE VECTOR DIPOLES CANNOT ASSO- 
CIATE STRONGLY 


the layers formed by the added atoms are perpendicu- 
lar instead of inclined to the fiber axis. As Figure 
3 (6) shows, this is to be expected on the basis of the in- 
teraction of the dipoles along the chain, which, unlike 
the case of Figure 3 (a), now alternate from one side of 
the chain to the other. Asa result, the repeating units 
are forced to take up intermediate positions, and this 
gives rise to the horizontal layering of ester groupings 
as shown. As in the previous example, the identity 
period in the fiber direction (27.1 A.) agrees closely with 
that calculated (27.3 A.) from the model of Figure 3 (0). 
However, in this case the period extends over two 
chemical repeating units instead of one. The new re- 
flection is a second-order reflection instead of a first as 
in the case of the undecanoate. Thus, in a very simple 
manner is the zigzag nature of the carbon chain demon- 
strated. It is interesting to note parenthetically that, 
just as in the case of the low molecular esters, the poly- 
mer having the ‘‘tilted’”’ structure is more stable and 
shows a higher melting point (83°C.) than the polymer 
exhibiting the vertical packing (80°C.). 

Passing now to the second type of chain structure 
mentioned above, namely, that produced by reacting 
glycols and dibasic acids, we can introduce further 
changes in our chain molecule by using two different 
paraffinic spacers between the ester linkages. If we 
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use ethylene glycol and react with it in turn the various 
members of dibasic aliphatic acids, we obtain the ethy- 
lene series of polyesters. In this series alternate C=O 
groups are spaced a fixed distance apart (5.9 A.), while 
those in between vary according to the dibasic acid em- 
ployed. For example, Figure 1 (D) and 1 (£) show the 
patterns obtained from the polymers prepared from su- 
beric acid and azelaic acid, respectively. Analogously 
to the hydroxy acid polymers considered above, we find 
many reflections remain essentially the same as in the 
original paraffin (Figure 1 (A)). However, numerous 
layer-line reflections now occur as a result of the many 
planes which can be drawn through the oxygen atoms. 
The suberate ester (Figure 1 (D)) exhibits inclined di- 
pole layers in agreement with the type of vector arrange- 
ment shown in Figure 4 (a). The azelate ester, on the 
other hand, shows by its strong, even order meridian 
reflections that the layers are perpendicular to the fiber 
axis. This behavior, too, is that to be expected from 
the vectors involved (Figure 4 (b)). It will be noted 
that contrary to the case of the hydroxy acid esters 
the dipoles now occur in pairs along the chains. Except 
for these differences, the structures are remarkably simi- 
lar to the paraffins. The lateral packing is the same, as 
shown by the unchanged equatorial reflections, and the 
chains have retained their planar zigzag nature, as 
shown by the agreement between the observed and cal- 
culated fiber periods. 

The paraffinic structure, however, cannot be main- 
tained indefinitely as we continue to add polar groups 
to the chain molecules. Figure 1 (F) shows the fiber 
pattern which results when succinic acid is used instead 
of suberic. The pattern is completely changed. The 
fiber identity period is 8.3 A. instead of the calculated 
9.7 A. showing that the extended zigzag chain has been 
altered. Likewise, the lateral spacings appearing on 
the equatorial line are completely changed. Appar- 
ently, the interaction between polar groups on adjacent 
chains (and perhaps along individual chains as well) 
has become great enough to cause the structure to seek 
a more favorable type of packing. In conformity with 
this, abrupt changes in melting point, density, and other 
physical properties occur. 

If we go on to other polyester series than the ethy- 
lene by changing from ethylene glycol to higher glycols 
and successively reacting with the various dibasic acids 
as before, we encounter still other phenomena. Since 
in the higher glycols (as decamethylene glycol) the po- 
lar groups are far apart, we might anticipate that the 
paraffinic structure would persist throughout this series. 
This in fact appears to be the case, and the members of 
this series from the oxalate to the octadecandioate ex- 
hibit planar zigzag paraffinic behavior. As we go to the 
higher acids, however, and thereby dilute the polar 
groups with polymethylene groups, we soon encounter 
an indeterminacy in the kind of layering assumed by 
the groups. In other words, the energy difference be- 
tween alternative dipole arrangements becomes small, 
so that mixed structures are observed. It is conceiv- 
able also that some groups become isolated by virtue of 
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the fact that corresponding ester groups in adjacent 
chains occasionally fail to match up. Figure 1 (G) 
illustrates these effects in the case of polydecamethylene 
suberate. In this pattern the equatorial and the outer- 
most layer-line reflections arise as before from the paraf- 
finic features of the structure. The strong meridian 
reflection and the moderately intense layer-line reflec- 
tion near it arise from horizontal and inclined planes of 
polar groups, respectively. They both give the correct 
fiber period (24.6 A.) but cannot be attributed to the 
same crystal structure. Consequently, it is inferred 
that mixed vertical and tilted polar group arrangements 
coexist. It is possible that careful annealing experi- 
ments may cause one form to grow at the expense of 
another. But long standing at room temperature does 
not cause perceptible change. 

A still different chain behavior is encountered in the 
trimethylene glycol series. Here, as a consideration of 
the structure shows, the dipole vectors in the glycol 
portions of the chains are in a particularly unstable po- 
sition when the chain is in the planar zigzag form. It 
is perhaps not surprising, therefore, to find that fiber 
patterns obtained from polyesters of this series show a 
type of structure different from previous cases. Figure 
1 (A) shows a typical pattern. It is given by an ori- 
ented fiber of trimethylene sebacate polyester. It is 
characterized by a series of strong meridian reflections, 
a paucity of equatorial reflections and’ intense layer-line 
reflections lying at an angle of approximately 30 degrees 
to the equator. The observed fiber period is 31.3 A. 
This requires at least two chemical repeating units to 
cause repetition of the chain structure. Assuming that 
two are present, there is a shortening in length of approxi- 
mately 3 A. compared to that calculated for a planar 
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FicurE 5.—A PossiBLE DIAGRAMMATIC ForM 

OF CHAIN FOLDING ALONG THE FIBER AXIS OF 

POLYTRIMETHYLENE SEBACATE. THE PRINCIPAL 

TwIisTInc Is ASSUMED TO Occur ABouT BONDS 
AT THE ESTER LINKAGES 
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FIGURE 6.—REPRESENTATION OF ORDERED (UPPER) AND DIs- 
ORDERED (LOWER) CELLULOSE CHAIN SYSTEMS, WITH THE TYPE 
OF X-RAY DIAGRAM EACH PRODUCES 


zigzag chain arrangement of atoms. Without going 
into detail, a careful consideration of the fiber patterns 
leads to the conclusion that a uniform folding of the 
chains has taken place. This results in a tilting of the 
chemical repeating units about the fiber axis at an aver- 
age angle of about 30 degrees to it; one possible con- 
figuration is shown schematically in Figure 5. In this 
way it is possible to account for the observed shorten- 
ing as well as for the diffraction effects. Apparently 
the disposition of the dipoles in the trimethylene por- 
tions of the chains results in a lowered intermolecular 
attraction, which in turn results in the folded chain con- 
figuration. One is led to speculate that perhaps the 
first act of a chain molecule in seeking a retracted form 
is a uniform folding involving rotation on comparatively 
few bonds, about which the barriers to rotation are par- 
ticularly low. The next step is probably a random 
kinking on all of the molecular bonds, resulting in a com- 
plete breakdown of the crystalline order. There are 
other polymer structures which show an analogous be- 
havior to that shown here by the trimethylene glycol 
compounds. In fact, the phenomenon of chain fold- 
ing appears to be a fairly general one and to depend on 
intermolecular forces as well as the ease of rotation 
about bonds. 

Going back again to the simple polyester chain mole- 
cules discussed above, we can formally ‘‘convert’’ these 
chain molecules to polyamides by simply substituting 
an NH group for the chain oxygen atoms. Actually, 
the preparation of these polyamide fibers is strictly 
analogous to that of the polyesters, except that w-amino 
acids are used instead of w-hydroxy acid and diamines 
instead of glycols. Inasmuch as the scattering power 
of the NH group for x-rays closely approximates that 
of the O atom which it replaces, one might expect little 
change from the results obtained with the polyester 
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fibers of corresponding structure. This is in general 
the case. For example, Figure 1 (J) shows the pattern 
obtained from the amino undecanoic acid polymer, and 
Figure 1 (K) that of the polyamide derived from hexa- 
methylene diamine and sebacic acid. The correspond- 
ing fiber periods, 16.1 A. and 21.7 A., show that, as in 
the polyesters of similar structure, essentially extended 
zigzag chains are present. In addition, the polar amide 
linkages form ‘‘vertical’”’ and “‘tilted’’ dipole layers just 
as was observed previously in the case of esters. In 
fact, this tendency is so pronounced with the polyamides 
that annealing seldom results in the production of one 
form to the exclusion of the other. This is shown by 
Figure 1 (J), where both meridian and layer-line re- 
flections occur near the primary beam even after anneal- 
ing. 

















18,63 | 


FIGURE 7.—COMPARISON OF PROBABLE SPIRALED FORM OF 
POLYISOBUTYLENE CHAIN SECTION (18.63 A.) WITH THE COoN- 
FIGURATION IT WOULD HAVE IN THE EXTENDED ZIGZAG STATE 
(20.16 A.). THE LARGE SPHERES REPRESENT METHYL SIDE 
Groups WHILE THE SMALLER ONES ARE CHAIN CARBON GROUPS 


The change to the polyamide structure, however, does 
introduce new effects. Of primary importance is the 
fact that adjacent NH and C—O groups in neighboring 
chains can now hydrogen-bond with one another. This 
not only has a pronounced effect on the properties of 
the polyamides but also influences the x-ray structure 
in a unique way.’ For example, if the polyamides are 
rapidly cooled from their melts, the setting in of hydro- 
gen bonding freezes portions of the chain molecules in 
non-equilibrium states. Figure 1 (J) illustrates this. 
The fiber produced from such a ‘‘quenched”’ polyamide 
exhibits but two spacings, one corresponding to the 
length of the chemical repeating unit in the molecule, 
the other to a common spacing between chains. Heat- 
ing or annealing this fiber, however, rapidly transforms 
it to the equilibrium structure as shown in Figure 1 (K) 
by releasing the molecule portions from their ‘‘frozen”’ 
positions. There is evidence that frequently careful 
annealing does not serve to bring about complete order. 
Thus, the lack of definition of the polyamide patterns 
compared to those of the polyesters suggests that there 
is nearly always some mismatching of amide groups. 





7 FULLER, BAKER, AND Pape, J. Am. Chem. Soc., 62, 3275 
(1940). 
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The ability to show ‘‘quenched”’ types of fiber pat- 
terns is, of course, not restricted to the polyamides. It 
is a perfectly general phenomenon’; only it is more pro- 
nounced when the forces between adjacent sections of 
long molecules are large. For example, cellulose tries- 
ters which exhibit high van der Waals attraction show 
the effect very well. Figure 1 (/) shows a cellulose 
triacetate which has been quenched by cooling rapidly 
from its melting point (250°C.). Figure 1 (VV) shows 
the result of annealing the sample of Figure 1 (M). 
From the spacings observed it is concluded that even 
in the liquid state, polymer molecules tend to form into 
definite bundles of parallel chains. These bundles are 
smaller in length than a molecule so that any given mole- 
cule must be pictured as traversing a number of such 
bundles. Annealing simply causes an ordering of the 
chains in each bundle by allowing them to rotate into 
their lattice positions. Because of the high “‘viscosity”’ 
of the solid, wholesale lengthwise sliding of the chains 
is, of course, improbable. The picture as it applies to 
a group of chains a few glucose residues in length is 
illustrated in Figure 6 with the corresponding types of 
patterns. 

So far, we have been concerned with what may be 
termed condensation polymers; another type of chain 
molecule, one of great importance because of the re- 
markable ease of formation, is that produced by poly- 
merization processes. In these we employ usually a 
so-called vinyl compound which under the proper in- 
fluence rapidly transtorms into long molecules’ as fol- 
lows: 


R, R, R, R 
~ | | | 
C=CH, —_ ee ae 
R; R: 2 R, 


where R; and R; may be H, Cl, CH3, OH, etc. It will 
be noted immediately that the type of chain molecule 
produced here differs from those discussed above (neg- 
lecting the cellulose derivatives) in that the R groups, 
1. e., the groups attached laterally to the chain, occur 
every other atom instead of at comparatively large in- 
tervals. Consequently, if these groups are of such a 
nature as to interact with one another strongly, they 
tend to give permanently quenched or amorphous glass- 
like polymers. This is particularly true when R; differs 
from Re, as in polyvinyl chloride, for example, where R; 
is H and R; is Cl and poor fiber patterns result. On the 
other hand, where definite bonds can form between the 
R groups as in polyvinyl alcohol, the tendency is to 
favor a definite crystal form. In this case R,; is H and 
R, is OH and hydrogen bonding occurs between mole- 
cules. The fiber pattern shown in Figure 1 (Z) shows 
that considerable order is present in this fiber. The 
observed fiber period (2.52 A.) measures the distance 
between successive OH groups along the chains and 
agrees with a zigzag backbone structure for the carbon 
chain. 


8 BAKER, FULLER AND PAPE, ibid., 64, 776 (1942). 
9 In certain polymers there is evidence that a 1,2 instead of a 
1,3 arrangement such as is pictured here, occurs. 
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Obviously, if R; and Re are non-polar and thereby 
have only weak interaction with similar groups on other 
chains, we might expect a different behavior. Thus, in 
polyisobutylene, where R; and R2 are methyl groups, a 
very high degree of order is possible when the material 
is stressed as shown in Figure 1 (O). The chain struc- 
ture present is of considerable interest since it is differ- 
ent from any case encountered heretofore. The fiber 
period turns out to be 18.6 A. instead of 2.52 A. as would 
be expected if the chain were like that of polyvinyl al- 
cohol. Obviously, repetition is postponed until many 
chemical repeating units have been traversed. One 
way of achieving this is to have the chain twist. Fig- 
ure 7 illustrates a twisted and an extended polyisobuty- 
lene chain. Thus, the molecules appear to be helices 
in which repetition of the structure occurs at every ninth 
pair of methyl groups. It is assumed that right and 
left helices exist together in the crystalline structure. 
Polyvinylidene chloride, in which R; and R2 are both 
chlorine atoms, represents an intermediate case. Here, 
although the forces again are strong and one would not 
therefore expect rubber-like behavior as in the case of 
polyisobutylene, a certain balance or symmetry is pres- 
ent which results in a more crystalline behavior. Fig- 
ure 1 (P) shows a fiber pattern of this polymer which 
illustrates its crystalline-like nature. The fiber period 
is 4.7 A., indicating that the structure appears to be 
different from that of polyisobutylene although the 
length of the chemical repeating unit in the fiber di- 
rection is closely the same, namely, 2.35 A. in both cases. 
From the few illustrations cited above it is evident 
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FIGURE 8.—ILLUSTRATION OF THE VARIOUS COEXISTING Mo- 
LECULAR CONFIGURATIONS IN A TRUE FIBER. THESE EVIDENTLY 
Can ALL Occur ALONG THE SAME MOLECULAR CHAIN 















that by relatively simple chemical changes one can pro- 
duce materials which are rubber-like in character as in 
the case of polyisobutylene or which are hard, tough 
plastics as in the case of polyvinylidene chloride. The 
fundamental properties operating to cause these out- 
standing differences are, of course, the forces acting be- 
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tween the atomic groups on neighboring chain mole- 
cules. These same forces in low molecular-weight sub- 
stances determine whether they are soft and have a low 
melting point or are hard and have a high melting point. 
It is an interesting point that most tough plastics de- 
pend on a residue of rubber-like character for their 





FIGURE 9.—X-RAY PATTERNS OF A COPOLYAMIDE FIBER. LEFT, 
ALPHA-TYPE OF PATTERN, UNSTRETCHED. RIGHT, BETA-TYPE 
OF PATTERN, STRETCHED 


ability to resist shocks. This circumstance arises ap- 
parently as a consequence of the long chain molecules 
composing these substances which by virtue of being 
crystalline in separated parts of their length are forced 
to remain amorphous in between. This is illustrated 
in Figure 8 which may be taken as a schematic picture 
of the situation in a synthetic fiber. 
Many more examples of the application of x-rays to 
the examination of chain molecule structures might 
be given. Particularly interesting are the effects en- 
countered when instead of one chemical repeating unit 
two or more are present in the same molecule as occurs 
in the so-called copolymers. These compounds are 
readily formed synthetically. They are also prevalent 
in nature. Wool, silk, keratin, myosin, for example, 
are copolyamides built up, however, on the basis of 
a-amino rather than w-amino acids. In these*natural 
copolyamides one often encounters amazing order con- 
sidering the fact that sometimes as many as 17 or 18 
different amino acids are combined in the same mole- 
cule.!° As so often is the case when one attempts to 
compete with nature, synthetic copolyamides (only the 
w-type can be made so far to any great molecule size) 
fail to show such well-defined order. Nevertheless 
their study throws considerable light on the behavior 
of natural proteins and may well be the medium 
through which their secrets are finally exposed. Just 
to give one last example, illustrating this, let us con- 
sider the well-known alpha-beta keratin transformation 
of wool. In this phenomenon, ordinary wool (alpha) 
which shows two rather diffuse spacings (nature, too, 
is not always perfect), on stretching gives rise to a new 
fiber pattern (beta), showing an alteration in the origi- 
nal spacings and the appearance of new ones. Analo- 
gously, the synthetic copolyamide shown in Figure 9 
shows a metamorphosis of the original (alpha-like) fi- 


10 AstBuRY, J. Chem. Soc., 337 (1942). 
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ber pattern to a new (beta-like) type of pattern on sub- 
jecting to stretch. This, of course, does not mean that 
the same changes in the long molecules are occurring 
in the two cases, but it does illustrate how the synthetic 
polymers may assist in our understanding of natural 
proteins and protein behavior. 
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The Silver Chloride Electrode 


O. REDLICH and L. F. MARANVILLE 


Department of Chemistry, The State College of Washington, Pullman, Washington 


CONSIDERABLE number of the methods and 
apparatus developed in Ostwald’s laboratory 
half a century ago are still in use. Some devices are 
so efficient that hardly any better can be found. The 
calomel electrode is not. Indeed, the silver-silver 
chloride electrode, early developed by Jahn!’ and 
successfully used by numerous earlier? and recent 
authors, is superior not only in precision work but also 
in the students’ laboratory, in potentiometric titrations, 
and routine work of any kind. It is simpler to prepare, 
cheaper, and can be used in any position and arrange- 
ment. 

Complete and fairly accurate cells consisting of a 
silver chloride and a hydrogen electrode have been set 
up with not more than one-half to one gram of liquid 
for an early determination of the ionization constant 
of heavy water.* This could hardly be done with a 
calomel electrode. 

Above all, the use of the silver chloride electrode 
saves mercury, and eliminates one of the opportunities 
to spill mercury, an important advantage especially 
in those laboratories where the danger of mercury 
vapor’ is still underestimated. 

Silver chloride electrodes are very quickly prepared. 
Clean the surface of a piece of silver wire by means of 
soap and water, and turn a spiral using a thin glass rod 
as a mandrel. Sufficient length should be left to be 
used asalead. Cover the spiral with silver chloride by 
electrolyzing it for 5 to 15 minutes in hydrochloric acid 
(1 part concentrated acid + 3 parts water) at about 4 





1 JAHN, Z. physik. Chem., 33, 545 (1900). 

2 Hara, Zeit. Elektroch., 17, 179 (1911). McINNES AND Par- 
Ker, J. Am. Chem. Soc., 37, 1445 (1915). Lewis, BRIGHTON, AND 
SEBASTIAN, tbid., 39, 2245 (1917). 

3 _ BRATU, AND Repiicu, Z. physik. Chem., A173, 353 
(1935). 

4 SrocK AND CucuEL, Ber., 67, 122 (1934). SHEPHERD, ET AL., 
J. Research Nat. Bur. Standards, 26, 357 (1941), and many other 
papers. 


volts, using a piece of platinum asacathode. The coat 
should be dark gray or brownish rather than white. 
Wash and keep in water. 

We prepared three electrodes according to this 
recipe and three more with porous silver.® All six 
electrodes checked within one millivolt. If higher ac- 
curacy is wanted, a more elaborate method should be 
used. Both the calomel and the silver chloride elec- 
trodes are known to be slightly sensitive to oxygen 
dissolved in the electrolyte. 

The silver chloride electrode is particularly con- 
venient in cells without liquid junction. Direct con- 
tact between the electrode and hydrogen or quinhy- 
drone, of course, must be avoided as an irreversible re- 
action would take place. The electrode can be used in 
alkaline solutions provided the ratio of the activities of 
chloride ion and hydroxyl ion exceeds a certain mini- 
mum value. A concentration ratio of 1:1 is amply 
sufficient. 

The potential of the cell? Ag, AgCl(s), chloride, 
Hg2Cl.(s), Hg is 0.0455 volts (silver being the positive 
electrode). For thermodynamical reasons it is inde- 
pendent of the nature and concentration of the chloride 
solution. 

Silver wire can be fused to copper wire without 
difficulty, just as copper-copper and copper-platinum 
connections are made. Hold the end of the copper 
wire in a small, moderately hot flame of a Bunsen burner 
until it melts, forming a tiny globule. Put the end 
of the silver wire in the liquid globule and remove 
the connection quickly from the flame without pulling 
at the connection. 

5 Lewis, J. Am. Chem. Soc., 28, 189 (1906); Z. physik. Chem., 
55, 449 (1906). ; 

6 Cf. RANDALL AND Younc, J. Am. Chem. Soc., 50, 989 (1928). 


PATTERSON AND FELSING, ibid., 64, 1478 (1942). Dore, ‘‘The 
glass electrode,’’ John Wiley and Sons, Inc., New York, 1941, 


p. 98. 
7 Gerke, J. Am. Chem. Soc., 44, 1684 (1922). Cf. ref. 5. 
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Nicolas Leblane (1742—1806) 


RALPH E. OESPER, University of Cincinnati, Cincinnati, Ohio 


(Continued from December) 


AS IT patriotism or fear that impelled Leblanc 
and all the other soda manufacturers to turn in 
their secrets? They could not do otherwise. A special 
committee that included Darcet, was appointed to ex- 
amine the processes and to survey the factories. They 
did a thorough job; they made trial runs at the various 
plants and investigated the availability of raw mate- 
rials; in short they studied the whole problem in an un- 
biassed scientific manner. Their lengthy report was 
printed in June, 1794, by order of the Committee of Pub- 
lic Safety; a most imprudent step because the pamphlet, 
of course, came into the hands of the enemy and gave 
them a detailed description of the particulars of the 
process, drawings of the furnaces and other equipment, 
and plans of the works. 
A considerable part of this report dealt with the 
Leblanc process. : 


“A factory was recently established at Franciade, but the cir- 
cumstances of the Revolution and the war that followed have 
tied up the funds, and the operations have been forcibly sus- 
pended; this factory has been national property for the past 
several months: The citizens Leblanc, Dizé, and Shee, partners, 
were the first to offer their process to us, and they did so with 
noble devotion to the public welfare. We have inspected their 
establishment — we 
have verified their 
process and we be- 
lieve it is certain to 
be successful. This 
new works has been 
based on correct 
principles from start 
to finish, and has 
been set up with 
the prudence and 
circumspection that 
was to be expected 
from the  intelli- 
gence and _ good 
sense of the three 
partners. It would 
be difficult to as- 
semble in an equally 
small space more 
equipment and con- 
veniences than are 
in this plant: fur- 
naces, mills, carts, 
storehouses; every- 
thing is arranged in 
the best order to 
give the most effi- 
cient service.” 


After a de- 
tailed descrip- 
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tion of the process, an account of a trial run and com- 
ments on the excellence of the product, the report 
goes on: 


“We believe it will be easy to break the public, and even the 
launderers, of their former practice of buying crude soda... . 
Since the process requires a considerable quantity of sulfuric 
acid, the partners planned at first to manufacture this acid on the 
premises. However, due to the war, it was impossible to obtain 
sulfur or even saltpeter, which is now requisitioned for the de- 
fence of the Republic. These shortages, together with the lack 
of funds, have forced them to suspend this manufacture and to 
postpone the first stage in their process until peace restores the 
free procurement of these raw materials that are essential to its 
accomplishment. ... These men are not turning over to the Com- 
mittee of Public Safety merely a set of ideas, or a series of experi- 
ments that might be tried; they are bringing a large-scale proc- 
ess, operated with uniform success... . 

“To us it seems urgent to establish without delay a large fac- 
tory to serve Paris; its daily needs, the steady consumption of 
soda by its factories, laundries, bleacheries, etc., all demand pro- 
duction as soon as possible. The factory is all set up at Franci- 
ade; citizen Dizé, one of the partners, has particularly directed 
the construction; it is laid out so that it could serve equally well 
for all sorts of uses and processes of this nature. This factory is 
in the hands of the Nation, and though it was designed to use 
common salt by reaction with sulfuric acid, it is no less suitable, 
now that this acid cannot be procured, to operate with pyrites, 
vitriols, or lignite. 
Here, as well as at 
Javelle, the Com- 
mittee can speedily 
bring the produc- 
tion of soda into ac- 
tivity; here the 
Committee can es- 
tablish a_ school, 
where students can 
receive preliminary 
training; they can 
work in this factory 
and by personal ex- 
perience acquire a 
knowledge of this 
new art in all its de- 
tails. 

“The partners in 
this works, as well 
as those who, in 
other parts of the 
Republic, have 
sacrificed their 
knowledge and 
fruits of their labors 
to their country are 
uniformly filled 
with confidence in 
the justice of the 
Committee. They 
await, with no mis- 
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givings, the just compensation due them as repayment for their 
advances of all kinds and for the time they have spent in 
planning and building their works. They are ready, should the 
country’s need require it, to devote themselves again to this 


business.” 
After examining all the processes the committee 
stated: 


“The process of citizen Leblanc, which uses chalk as the inter- 
mediate, appears to us to be the one that could be most generally 
adopted, because this raw material is most widely distributed. 
The process has the added advantage of supplying a product that 
can be marketed in the crude state; the product is quite like 
that which comes from abroad and which is familiar to us; it 
may be used directly and without preliminary purification for 
bleaching, for ordinary glass, and for making soap.” 


Nevertheless, in view of the prevailing conditions, the 
process of Malherbe and Athenas was declared the most 
economical, especially if pyrites or pyritiferous lignite 
should be used to convert salt into sulfate, that in turn 
was made into soda by Malherbe’s method. 


“Although the judgment of the commission did not hit upon 
precisely the right thing, it should not be blamed for this. Le- 
blanc’s process at that period had not had time to demonstrate 
its practical superiority to all others, and even very able men 
sixty years later reverted, although unsuccessfully, to the process 
then (1794) judged best.” 


The Leblanc factory was kept closed. The money 
on hand and the accounts due were taken by the gov- 
ernment, the finished products and raw materials were 
sold, together with the horses, carts, and part of the 
equipment. 

Leblanc had confidently expected to be employed by 
the government to direct his soda works for the benefit 
of the Nation; instead he was ordered to vacate the 
premises. He was also notified that his salary would 
cease after April 1, 1794, but this meant little because 
the firm’s funds had been tied up when the Duc was 
arrested in April, 1793, and thereafter no payments 
were made to the three partners. Thus, within a few 
months Leblanc’s entire outlook was reversed; instead 
of running his profitable business, he found himself shut 
out of his own property and dependent on a small gov- 
ernment salary to support his ailing wife and their four 
children. From this time on his life was an almost 
continuous struggle against poverty, a struggle made 
no easier by the remembrance of what might have been. 

During the years that Leblanc was developing his 
process and bringing it into commercial production he 
had not kept apart from the world of affairs. The au- 
thorities appreciated his abilities and constantly named 
him on public commissions. In 1792 he was appointed 
administrator of the Department of the Seine, and did 
such fine work that he was reappointed five times. He 
compiled excellent reports on a variety of topics, such as 
public health and hygienic measures, poor relief, hos- 
pital construction, military, industrial, and engineering 
problems. For this work he received no pay. 

On January 4, 1794, Leblanc was appointed regisseur 
(commissioner) of powder and saltpeter. This board 


of four had its headquarters at the Arsenal, and Le- 
blanc moved his family there after he was forced to 
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give up their house on the grounds of the soda factory. 
This was one of the few paid public posts held by Le- 
blanc, but the salary did not continue long. After the 
powerful Commission of Arms and Powder was estab- 
lished on February 1, 1794, the Regie was given a new 
name, but it played only a minor role thenceforth. It 
was completely dissolved in July, 1794. This post 
naturally turned Leblanc’s attention to saltpeter. 
Pelletier and De Lus were appointed by Carny ‘“‘to ex- 
amine the new method of extracting saltpeter devised 
by Leblanc, member of the National Agency of Pow- 
der.” Among Leblanc’s effects were found several 
papers on the large-scale production and purification of 
potassium nitrate. 

The cost of living was high; the real value of the as- 
signats was falling steadily and rapidly; the savings 
accumulated during Leblanc’s short period of pros- 
perity were melting away. His daughters opened a 
little dry goods store, hoping to bolster the family bud- 
get, but there was no chance of success in such times of 
political turmoil and monetary inflation for a small re- 
tail business run by two teen-age girls. 

The Reign of Terror was at full tide; each day the 
tumbrels rolled toward the Place de la Revolution. 
The afternoon of May 8, 1794 saw the twenty-eight 
fermiers generaux on their way to the guillotine, among 
them Lavoisier. He, like Leblanc, was a chemist; he 
too had been regisseur des poudres, he too had lived at 
the Arsenal. What did Leblanc think on that fateful 
day? He was in no position to risk his post, or perhaps 
his life by an open expression of horror or protest. 

There is no record of any meetings between Lavoisier 
and Leblanc, but they must have known each other. 
Leblanc was less than a year older than Lavoisier, but 
he was in his middle forties before he sent his first paper 
to the Academy, in which Lavoisier had been a leading 
figure for almost twenty years. Lavoisier was rich, 
successful in both scientific and financial matters; he 
was an international figure at a time when Leblanc 
was no more than a modest physician whose hobby was 
chemistry. Both of these men headed a revolution in 
chemistry and it is hard to determine which has proved 
the more significant. The Revolution took the lives 
of both these leaders: one directly by the guillotine, 
the other indirectly by heaping affliction on him until 
he could endure rio more. 

On February 11, 1794, Leblanc received notice of 
his appointment to the “Temporary Commission of 
Arts, Attached to the Committee of Public Instruction.” 
The duties were to list and collect into warehouses the 
scientific materials coming from the religious communi- 
ties, from the houses of emigrés, or from those who had 
been executed. Leblanc could not draw the yearly 
salary of 2000 livres, because it was forbidden to receive 
more than one public salary. To him fell the unwel- 
come task of inventorying Lavoisier’s laboratory. 
The better part of a week in December, 1794, was re- 
quired to list and appraise the items (about 8000) that 
Leblanc and his colleagues found in the mansion on the 
Boulevard de la Madeleine. The material was found 
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in great confusion, and many boxes and packages had 
not been opened since they were brought from the Ar- 
senal in 1791. The inventory makes entertaining read- 
ing; for instance, two pounds of platinum were valued 
at 100 livres; one pound of phosphorus was appraised 
at 50 livres; 166 pounds of mercury and 60 pounds of 
mercuric oxide were estimated at 2030 livres. 

Again it would be interesting to know Leblanc’s 
thoughts. In his report he dared no more than to 
state: ‘‘Possibly some of these unlabelled objects were 
used in certain important operations, which may be 
found in the various works of Lavoisier, who, as is well 
known, treated chemistry and many other branches of 
science and art with rare intelligence and success.”’ 

An unpublished assay, ‘‘My Dream,” includes his re- 
flections on the effect of excesses of the extremists. 


“|. that the loss of Malesherbes, Thouret, Kersaint, Lavoisier 
will be made up, this I do not believe.... What will now be the 
inspiration of our better men, and how can the few of them left 
to us make themselves heard? I grant you that sparks of the 
genius of these savants, whose loss France is going to regret for 
a long time, still glow in the minds of some of their disciples or 
contemporaries. I agree that there still exist some centers that 
burn brightly enough to throw their warmth afar and throw out 
that pure and brilliant flame which so potently develops all the 
powers of genius and gives birth to men of science capable of be- 
ing an honor to their time and country. I agree that public edu- 
cation, the sole means of raising the level of a small number of the 
members of a large population, will, sooner or later, be put on a 
stable foundation and exert a more assured action; when that 
point has been reached we can hope that each branch of exact 
and political science will acquire a new genius, who will assemble 
the materials and build them into an edifice. This genius for 
organizing and building is rare, but Lavoisier had it, and so 
created modern chemistry, to which we owe so much, and which 
is preparing for us still more discoveries and important reforms.”’ 


The Revolutionary tornado was blowing itself out. 
The authorities took steps to revive commercial enter- 
prise, which, lacking capital and markets, had been 
largely halted. The mining industry particularly 
needed attention. In June, 1795, Leblanc was sent 
on mission by the Committee of Public Safety to 
the Departments of Tarn and Aveyron. His principal 
task was to revive the manufacture of alum. The 
Agency of Mines requested him to send papers for 
their Journal des Mines; likewise the Agency of Mines 
requested reports. Leblanc sent in several papers 
and collections of ores, crystals, and minerals. The 
temporary Commission of Arts also had work for 
him on this trip. For them he visited scientific and 
literary collections, and suggested methods of speeding 
up the cataloging of the books seized from the religious 
communities. The work was being done by volunteers; 
he recommended that they be paid so that they could 
devote full time to the task, and so make thousands of 
books and manuscripts available to the public more 
quickly. 

The Committee of Public Safety had appointed 
Leblanc chemist-director to Morlhon, who had a large 
concession in the copperas and alum mines at St. 
Georges; the Committee ruled that the concessionaire 
was to pay Leblanc’s salary and expenses. Nothing 
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was paid, and after thirteen months Leblanc returned 
to Paris impoverished. He later secured a judgment 
for 5000 livres against Morlhon, but it was never col- 
lected. Two years after his return he sent the Agency 
of Mines a full report of his findings, a lengthy docu- 
ment that demonstrates his capabilities. 

Leblanc belonged to a number of learned societies. 
To them, and to the Institut, he sent papers on a variety 
of topics, and these discussions reveal that he was con- 
stantly on the lookout for commercial applications of 
chemistry. He devised a good method of making 
mercuric oxide, which was then almost worth its 
weight in gold. He was a skilled glass blower, and one 
of the family treasures was a double-wall flask; the 
inside opaque, the outer wall transparent, the space 
between filled with beautiful red oxide, all of his own 
handiwork. 

The manufacture of sal ammoniac at St. Denis drew 
Leblanc’s attention to the ammonia obtained by heat- 
ing organic materials. He found that the fertilizing 
value of animal and vegetable matter is roughly pro- 
portional to the ammonia content, and he came to the 
conclusion that ammonia should be one of the es- 
sential bases of a fertilizer. Animal wastes and sewage 
were logical, cheap sources of ammonia, and he demon- 
strated the practicality of his ideas in a small-scale 
apparatus devised especially for this purpose. In 
1804, he sent to the Institut a long paper on this method 
of utilizing such wastes. It was well received and 
highly praised. Encouraged, Leblanc petitioned the 
government for a grant of 1200 to 1500 francs to cover 
the cost of an improved model of his apparatus, and 
he also asked for a free fifteen-year patent ‘“‘to com- 
pensate for the one I obtained for the manufacture of 
soda, and whose benefits were taken from me by the 
revolutionary government.” He likewise petitioned 
for the sole rights to utilize the animal offal and liquid 
wastes from the cesspools of the Prefecture of the Seine. 
He received neither the grant, the patent, nor the 
monopoly. He can be given credit for being one of the 
pioneers in the scientific study of fertilizers, and he was 
one of the first to propose the recovery of the values 
in sewage and other noxious wastes. 

Impoverished by the mission to Tarn and Aveyron, 
Leblanc was forced to seek a living for his family 
where he could find it. For a time he worked for his 
brother-in-law who made colored enamels, but the 
wages were not much above a bare subsistence. He 
canvassed all possibilities to secure a position more in 
keeping with his needs and abilities. He wrote: ‘““My 
situation is most discouraging. I have continued to 
hope that I could tell my friends that at last Fate has 
ceased to weigh me down with all the burdens that I 
have borne for so long.”” A place on the faculty of the 
Ecole Centrale at Alby (chief city of Tarn) was 
offered to Leblanc in December, 1796. He was 
grateful, but despite insistent urging he declined: 
“The chair of natural history requires a profound 
store of knowledge that is far beyond me.” In 1797 
he was slated for a place on the Council of Conservation 
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but the Minister of the Interior himself was out of 
office before the appointment was made and Neuf- 
chateau’s successor disregarded the previous nomina- 
tion. Leblanc, in 1798, ran for the office of second 
deputy to represent St. Denis in the Council of Ancients. 
He received sufficient votes but the election was con- 
tested, and the candidates of the other party were 
seated. He then sought appointment as counsellor 
of the prefecture; the place was promised to him, but 
nothing more was done. This series of disappoint- 
ments was climaxed by a family tragedy. The younger 
daughter, a healthy girl of sixteen, suddenly lost the 
use of her limbs; she died six months later. 

Throughout these years of incessant struggle and 
frustrated hopes Leblanc was making efforts to secure 
an indemnity for the revelation of his soda process and 
the loss of his patent. He also hoped to be given the 
privilege of reopening the factory at St. Denis. 

Berthollet, in February, 1795, wrote to him in the 
name of the Commission of Agriculture and Arts: 
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“The Committee of Public Safety is of the opinion that 
you are entitled to compensation in proportion to the 
disinterestedness of which you have given proof in 
revealing to it your process for making soda.”’ Some 
of the inventors did receive indemnities; Malherbe, 
for example, was granted 10,000 francs. Leblanc was 
awarded nothing, probably because his process was not 
operated. The Council of Arts and Manufacturers 
in 1797 and again in 1798 recommended that something 
be done for Leblanc, but the Minister of the Interior 
postponed action. Finally in March, 1799, Leblanc 
was granted 3000 francs as a national recompense; 
600 francs were paid at once. In July he petitioned 
for the remaining 2400 francs. Quinette, who in the 
meantime had succeeded Neufchateau, replied: ‘‘Citi- 
zen, I have the greatest interest in your situation, but 
no matter how favorable my wishes, the state of the 
finances simply does not permit me to pay you the 
remainder of the sum due you. I trust, Citizen, that 
the conditions will become more favorable.” 

Leblanc addressed a long pe- 
tition to the Directory in Octo- 
ber, 1799. He set forth all his 
reasons for believing that he 
merited their good will and just 
treatment. 


“The man who advances the sciences, 
who extends the horizons of our knowl- 
edge by discoveries or improvements 
in the various branches of industry, 
acquires rights which his country can- 
not disregard.” 


Quinette replied: 
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Abb. 17. Anerkenntnis Ceblancs vom 10..April 1794 


DECLARATION BY LEBLANC THAT HE HAs RETURNED 4000 LIvRES TO THE STATE, HOLDER 
OF THE INTERESTS OF THE LATE Duc D’ORLEANS, IN REPAYMENT OF A LOAN 
Note that this document speaks of the process invented by Leblanc. 
(From the Darmstaedter Collection, Prussian State Library, Berlin.) 


“The Executive Directory has sent 
to me the petition concerning your 
claims to a soda-works at Franciade.... 
You ask that this factory definitely 
be awarded to you or that the Nation 
allow you damages. You further re- 
quest the payment of the 2400 francs 
still due you from the 3000 francs 
granted to you as a token of encourage- 
ment. The needs of the war and the 
straitened state of the public treasury 
are the only things that prevent the 
payment of the money still due you.... 
I felt obliged to transmit the other item 
of your request to the Minister of Fin- 
ance. I have strongly urged him to 
give particular consideration to the 
general benefit that would follow the 
revival of your labors.... I have also 
stated to him that if the works are sold, 
the proceeds, no matter how high they 
may be, will never be an adequate com- 
pensation for the service you could 
render the public if you are allowed to 
take over your factory and put it into 
production.” 


Leblanc waited; nothing was 
done. As a sop he was offered 
the job of overseeing the nut 
harvest in several districts. De- 
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spite his need, he spurned this thinly 
disguised charity. He continued to 
send out petitions. The Consulting 
Committee of Arts and Manufacturers 
in 1797 placed his invention at the head 
of the list of the discoveries deserving 
national recompense. These enco- 
miums brought no tangible results. 

In 1800, Chaptal became Minister 
of the Interior. He was a successful 
chemical manufacturer; Leblanc con- 
sequently addressed him with renewed 
hope. Fourcroy also wrote to Chaptal 
in Leblanc’s behalf. A token grant of 
three hundred francs resulted. En- 
couraged, Leblanc sent a second letter 
to Chaptal. 


‘When you took the office of Minister, I 
had the honor to address a petition to you. 
You replied that no funds were available to 
cover the arrears for 1799 and 1800.... It 
is painful to be compelled to speak of one’s 
self, but this is a case in which modesty 
carries too many embarrassments, since it 
harms children who are already miserable 
and to whom we owe all the care we can give. 
I have served my country, if not with bril- 
liance, at least with zeal and all the devation 
of which I was capable. It is obvious that I 
have not busied myself with building up a 
personal fortune.... The condemnation of 
Orleans resulted in a sequestration which 
still exists; this has paralyzed the soda works 
that I established at Franciade and whose 
importance you knew well. I trust, Mr. 
Minister, you will pardon this general review 
of my services. I have no job, I am without 
any means of existence. I cannot bring my- 
self to believe that I have ever deserved a 
fate like this.’’ 
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J. J. M. Dizé (1764-1852)—Wax MEDALLION (1793) 
Dizé was Preparateur in Chemistry and Physics (1784-1791), Chief Pharmacist 
of the Military Hospitals (1796); 
Pharmacie (1797); National Refiner at the Mint (1802). 


Professor of Natural History at the Ecole de 
He invented a method 


for desiccating and preserving meat; a safety ink for lottery tickets. 


Finally, in April, 1801, Leblanc’s 
persistence and the reports in his favor bore fruit. 
The Minister of Finance ordered the works at St. Denis 
to be provisionally turned back to Leblanc and his as- 
sociates. They hadanew partner, the State. Dizé had 
become Chief Pharmacist to the Military Hospitals; 
Shee had entered politics and was Councillor of State. 
Neither of them was interested in actively participat- 
ing in a manufactory, whose rosy prospects had turned 
to gray ashes. By mutual consent the partnership of 
1791 was dissolved two days after the Minister’s order. 
Leblanc was now in sole charge, but the factory was to 
remain under sequestration until the claim of the State 
was fully paid off. 

The Leblanc family moved back into the house on 
the factory premises. The resumption of production 
presented tremendous problems. The plant had lain 
idle for seven years and a chemical factory depreciates 
faster when not used than when it is kept in operation. 
The government had taken what it wished. The total 
value of these seizures was 120,000 francs, and the 
remainder (80,000 francs) of the Duc’s original in- 





vestment plus the accrued interest became a first 
charge on the business. 

Leblanc found himself in competition with other 
manufacturers, whose plants were better situated and 
in good running order. They had years of valuable 
experience and had built up good will among their 
customers. Leblanc had nothing that would attract 
investors; he could borrow the essential funds only 
at ruinous rates: He made every effort to increase 
his income, and in addition to soda started the manu- 
facture of table salt, tin chloride, mercury oxide. He 
also set up a cotton bleachery. Each of these new 
enterprises brought its own problems. They consumed 
more and more of his time and energy, each required 
money. His debts threatened to devour him; the more 
he struggled, the more critical his financial position 
became. 

He appealed for aid in June, 1803, to the newly or- 
ganized Société d’encouragement and on the recom- 
mendation of de Morveau, Mollard, and Vauquelin 
he was given a loan of two thousand francs. Perhaps 
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this help would have been adequate if Leblanc’s hopes 
for real recompense by the government had been ful- 
filled. The fact that the details of his process had 
been published and his patent thus devitalized seemed 
to bother no one but Leblanc. ‘Eventually he was 
offered gratis a patent covering all improvements on 
his process in lieu of a national reward, but this was a 
meaningless gesture. The process had been public 
knowledge for years, the original patent had only a few 
more years to run, and most important of all, the 
process was so good that any improvement was in- 
significant. 

Leblanc continued to ask for the 2400 francs still 
due him from the award made in 1799. He was in- 
formed that this sum could not be paid until the item 
was put on the Book of the Public Debt, but this could 
not be done because the claim was below the sum that 
could be entered there, and consequently he would 
have to wait until he had enough additional claims so 
that the total would reach the specified minimum 
figure. 

Is it any wonder that he seriously considered emi- 
grating? Among his papers was found the draft of a 
petition to the Emperor of Russia, offering his services 
as chemist and mineralogist. He stressed the great 
advantage his soda process would be to the Russian 
economy, and also pointed out that he was capable of 
directing large-scale installations for the bleaching of 
textiles and the manufacture of chemicals to do this 
quickly and cheaply. This impulse to leave France 
was never translated into positive action. 

In 1805 he was asked to reorganize the alum works 
at Cuissy and to install his improved methods there. 
To his daughter he wrote: “‘We have just made a cake 
of alum weighing about one thousand pounds. I do 
not believe a more beautiful one can be seen anywhere.” 

Leblanc told his story to every one whom he thought 
could promote his cause. Over and over he recounted 
his services to the State, and bitterly reviewed the 
reception given to his ‘‘constant presentation of peti- 
tions to the authorities; petitions which seem never 
to be successful.’’ When the world has wronged an in- 
dividual it appears to be a law of nature that the proper 
reward for him is to heap indignity upon wrong and 
neglect on both. 


“The method of decomposing sodium sulfate by the action of 
chalk is mine. This is the process that is used successfully today 
in all the works, ever since the revolutionary government con- 
sidered it wise to publish it, and by so doing deprived me of all 
the benefits from my patent. My factory is still burdened with 
the claims of the Nation; these incumbrances have been my ruina- 
tion. Am I not justified in saying that I was the one who sup- 
plied the processes and initiative to the manufacture of soda in 
France? My factory is turning out soda, but under circumstances 
to which I have been forced to submit, and which do not permit 
me to develop my process sufficiently so that I can pay off these 
claims and acquire definite ownership of the factory.” 


Leblanc had come to almost the end of his resources; 
one by one his hopes were dashed. Through all the 
disappointments he was sustained by the thought that 
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his case had never yet been decided by the courts, 
rather than by the fiat of a single official. In the spring 
of 1801, the authorities of the Department of the Seine 
ordered the Tribunal of Commerce to examine Leblanc’s 
claims and to fix damages, if any. This court held the 
case for four years and then declared itself incapable 
of handling down a well-founded decision. Thereupon 
the Minister of Finance assigned the claim to the Pre- 
fect of the Seine, who was authorized to set up a board 
of experts to determine the indemnity. 

Vauquelin, the eminent chemist, and Bellacq, busi- 
ness man, were appointed by the Prefect; Deyeux, 
professor of pharmacology, and Cardinal Beaurepaire, 
who owned a Prussian blue factory, were named by 
Leblanc and his former associates. To this board of 
arbitrators came a long memoir composed by Leblanc, 
setting forth in detail his estimate of the losses suffered 
by him and his partners. The losses were discussed 
under five captions: capital value of his patent; un- 
paid salaries; profits on soda; estimated profits on 
sal ammoniac and white lead; probable profits on soda 
during the remaining life of his patent. After certain 
legitimate deductions, the total loss, according to 
Leblanc, amounted to 2,243,000 francs, that is, roughly 
$500,000. “Though this figure may appear high, it 
is far below the profits that could have been expected 
from this enterprise.”’ 

The arbitrators did a thorough piece of work, and 
pursued their labors through six months. They 
handed in their decision on November 8, 1805. In 
their opinion, the business was entitled to 280,777 
francs. Of this, the Nation, as owner of the Duc’s 
interests was credited with 164,169 francs, leaving to 
the three associates 116,608 francs. Leblanc’s share 
was 52,473 francs ($10,000), ‘“‘the reward of twenty 
years of toil, and the founding of one of the most im- 
portant industrial processes of a whole century.” 
Even this inadequate sum was never paid. 

“Of all injustice, that is the greatest which goes 
under the name of law; and of all sorts of tyranny, the 
forcing of the letter of the law against the equity is 
the most insupportable.”’ This statement by L’Es- 
trange sums up Leblanc’s feelings. He was crushed; 
his whole character was altered. The kindly father 
became morose, his fortunes had reached bottom, the 
family dared not even try to assuage the misery that was 
so plainly pictured in his face. He withdrew into himself 
more and more; his dog, Fidele, was his only welcome 
companion. He slept little and spent most of the 
nights in his office writing. He became obsessed with 
the fear of burglars and kept loaded firearms at hand. 

On January 16, 1806, he sent Dizé a note: ‘Please 
give my daughter the packet you received for me from 
the Minister of the Interior as per your note of yester- 
day. My health does not permit me to come to Paris 
in person.”’ These are probably the last lines he ever 
wrote. This same day he sent a bullet through his 
head, and was dead when the family reached his study. 
He was buried at St. Denis, and his ill fate pursued him 
even after death. The town grew, the cemetery was 
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engulfed, and by 1840 his grave was lost and not even 
his tombstone was saved. 

Leblane’s daughter was in Paris when her father 
committed suicide. The next day she wrote, or 
dictated, the following to Dizé: ‘‘When I left you 
yesterday I came to St. Denis and went straight to 
M. Polard, a close friend of my father and our family. 
How great was my surprise and sorrow! Alas, the 
death of my father! ...The signer of this letter in the 
name of my mother, my brothers and myself, asks you 
to come to St. Denis as quickly as you can to bring help 
to this family in tears. Knowing you to be a just and 
fair minded man she can seek your advice, knowing full 
well that you will never take advantage of their un- 
fortunate situation.”’ 

In 1801, when the partnership was dissolved, Leblanc 
and Dizé were, of course, treated as equals. The 
factory was appraised at 39,000 francs and when 
Leblanc took possession he gave Dizé, for his half, a 
mortgage for 19,500 francs secured by the property. 
As there were never any profits, Leblanc paid neither 
interest nor principal, and consequently at Leblanc’s 
death, his estate owed Dizé 21,000francs. Dizé bought 
the factory for 25,000 francs, but Leblanc’s family 
received none of this, because the other debts contracted 
by Leblanc totaled about 5000 francs. Consequently, 
the Leblanc family had to sell most of their personal 
property to pay the debts and to meet the death dues. 
Reduced to poverty they moved to Paris, and struggled 
valiantly, sustained by the hope that something would 
be done for them eventually. 

It has’ been suggested that Leblanc killed himself 
in the hope that a shocked and sympathetic public 
would compel the authorities to grant his family the 
just deserts that had been denied to him. If this 
hypothesis is correct, his sacrifice was in vain. The 
victories of Napolean overshadowed everything in the 
public eye; Leblanc’s death attracted no attention; 
nothing was done. Madame Leblanc appealed di- 
rectly to the Empress, ‘‘the mother of the French,” 
but Josephine, busy with her own troubles, took no 
notice. 

In August, 1806, the Minister of Finance approved 
the verdict of the arbitrators. The award, however, 
was reduced to 110,443 francs to conform to the new 
rate of exchange; the Liquidator-General was em- 
powered to issue non-redeemable five per cent bonds 
in this amount, but he took the matter into his own 
hands and delayed payment. In November, 1807, 
he ruled that the indemnity in no case could exceed the 
value of the factory, and consequently the account had 
been squared when the soda works had been turned 
back to Leblanc and his partners. Another appeal to 
the Minister in 1808 resulted in a favorable report to 
the Council of State. But again de Fermont blocked 
any real action. He admitted that, in the eyes of 
some, the plaintiffs had a case, but he could not agree 
with this opinion. The attorneys for the Council of 
State acknowledged the claim to be well-founded, but 
they cited a decree that forbade them to plead any case 
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seeking to recover damages arising from actions taken 
because of the Revolution. They therefore refused 
to proceed. All avenues of hope for the Leblancs were 
exhausted; the combination of bureaucratic sluggish- 
ness, arbitrary rulings, and legal formulism effectively 
beat down their resistance. The case was closed, and 
when the matter was reopened a half century later, all 
principals were dead. 

When the last appeal failed, Madame Leblanc, who 
had always been sickly, collapsed and became a per- 
manent invalid. Nonetheless she lived twenty years 
longer (d. 1829). The younger son was lost in 1812 in 
the retreat from Russia. The other son, who had ex- 
ceptional talents, attracted the favor of Heron de 
Villefosse, an eminent mining engineer, who later be- 
came a cabinet officer. He provided means for an 
excellent education and Cesar Nicholas Leblanc 
eventually became professor of drawing at the Con- 
servatoire des Arts et Metiers in Paris. He died in 
1835. The daughter (d. 1839) was the mother of 
August Anastasi, whose biography of his grandfather 
has been the source of most of the personal data used 
in this paper. 

The factory at St. Denis was rented in 1807 by Dizé to 
a group that had been struggling with an inefficient soda 
process in Paris. One of them was a son of Darcet, 
who, in a sense, was the godfather of the Leblanc 
process. This group changed to this process and se- 
cured excellent results as did other French manu- 
facturers, Payen in Paris and Carny at Dieuze, for 
instance. In 1807 the St. Gobain glass works exhibited 
mirrors made with Leblanc soda. From this time on, 
this method of manufacturing sodium carbonate de- 
veloped rapidly in various parts of France. An im- 
portant factor in this growth was the abolition, in 
May, 1809, of the onerous salt tax. 

The Leblanc process was installed by Losh in England 
in 1814 but on a very small scale. The exorbitant 
import duty on salt (£ 30 per ton) was abolished in 
1823 and this action enabled Muspratt at Liverpool 
to embark on the large scale production of Leblanc 
soda, which could now be sold at a reasonable price. 
His product had one disadvantage; it contained about 
twice as much active material as that to which the 
buyers were accustomed. He soon overcame their 
prejudice by giving away large quantities to the soap- 
makers, and soon the demand was so great that the 
crude soda ‘“‘black ash,’ had to be delivered to the 
customers straight from the furnaces, hardly cool 
enough to be handled. Muspratt built additional 
plants, others followed his example, and Great Britain 
became, far and away, the chief beneficiary of Leblanc’s 
invention. Soda works were later constructed in Ger- 
many, Austria, and other countries on the European 
continent. No Leblanc soda was ever made in the 
United States. The annual production rose rapidly, 
and reached a maximum about 1880, when the world 
output of Leblanc soda was 545,000 metric tons, as 
opposed to 136,000 tons produced by the Solvay am- 
monia soda process. 
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The price reflected the advantage of the Leblanc 
process, particularly when operated on a large scale. 
In 1809 crystal soda (Na2xCO;-:10H2O) sold for £ 71 
per ton, in 1814 for £ 60, in 1824 the price dropped to 
£ 18, and the average for 1868 to 1878 was £ 4, 10s. 
From then on, the competition of the ammonia soda 
process became serious, and the Leblanc soda makers 
indulged in unprofitable price cutting. But despite 
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“After the war, the chemical industries had to readjust them- 
selves. Efficiency was the watchword; and the Leblanc process 
which involved much labor, high cost of manufacture, low purity, 
and a complex line of products had to give way to a newer, more 
efficient process.”’ 


The end came in 1923, when the last Leblanc soda 
works in England was scrapped. 


“Born of necessity during the War in France, and superseded 
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such measures the production curve of the Leblanc 
soda production began to take a downward course in 
1885, and the decline became more rapid after 1890. 
World War I hit the Leblanc process hard, especially 
because of the shortage of coal and the restrictions on 
the use of sulfuric acid, which was vitally needed for 
the manufacture of munitions. 

Leblanc’s process was used for more than a century, 
in spite of its undeniable great drawbacks. It went 
ahead by leaps and bounds and for many years practi- 
cally all artificial soda was made by this method. How- 
ever, its disadvantages were real. 

“Tt is very intelligible why the world did not rest and be thank- 


ful for the Leblanc process, but that innumerable inventors at- 
tempted to direct alkali manufacture into other channels. But 


during three-quarters of a century the Leblanc process easily 
triumphed over all its rivals. Only then it met with a dangerous 
competitor in the ammonia soda process and from 1870 there was 
little doubt that the Solvay process was superior and the end of 
the Leblanc industry as a producer of soda was definitely fore- 
shadowed. 
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LEBLANC SODA PROCESS 


because of the necessity caused by World War I, the Leblanc 
process, which had served mankind for fully a century had com- 
pletely fulfilled its mission.” 


The Leblanc process, as such, has now become merely 
a chapter in the history of applied chemistry, but its 
influence is still tremendously in evidence. Modern 
inorganic chemical industry owes its beginning to this 
process, which involved most of the heavy chemicals. 
What were originally by-products later became the 
principal products. It demanded large quantities of 
sulfuric acid, and in general the Leblanc soda makers 
made their own supplies of this important raw ma- 
terial; to them, in large measure, is due the enormous 
advances in sulfuric acid manufacture. “If Leblanc’s 
soda process was the Adam of industrial chemistry, 
sulfuric acid, made of its rib, was its Eve.’’ Its chief 
by-product was hydrochloric acid. In the early days 
some of this was converted to chlorine, and then into 
bleaching powder, which found extensive application 
in the textile and paper industries. However, the sup- 
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ply far exceeded the demand, and the excess gas was 
sent into the atmosphere. “The present generation 
can hardly form an idea of the intensity of feeling and 
prejudice aroused against chemical and alkali works 
during the first forty years of their existence, that is, 
up to the passing of the Alkali Act in 1863.” The manu- 
facturers were thereby forced to scrub the stack gases 
and to recover what later was to become a valuable 
chemical. The calcium sulfide constituted another 
nuisance, and eventually a method was worked out to 
recover exceptionally pure sulfur from this “tank 
waste.” 

The apparatus developed in connection with the 
Leblanc process has been of the highest importance. 
As soon as it passed the ‘“‘handicraft stage,’’ mechanical 
equipment to handle the material more effectively and 
in larger batches began to be devised. Scrubbers, 
rotary kilns, mechanical furnaces with revolving beds, 
mechanical evaporating pans, counter-current lixiviating 
systems —all these can be traced back to the Leblanc 
soda industry. Another extremely important product 
was the company of “brilliant men whose contribution 
to chemical technology, either in the discovery of a 
chemical process or in the invention of chemical equip- 
ment laid the foundation for many modern chemical 
industries. These men helped to make the Leblanc 
soda industry what it was. The very difficulties these 
pioneers encountered and their niethods of attack 
solved once and for all, or offered solutions to similar 
problems in other branches of chemical industry.” 

During his lifetime the propriety of calling this 
method the ‘‘Leblanc”’ soda process was not challenged. 
Leblanc freely acknowledged that he was indebted to 
Lametherie, and the latter in 1809 published an historical 
review. After giving the text of his proposal of 1789 
Lametherie continued: “These were my ideas which 
led Leblane to embark on his excellent enterprise in 
which he entered into a partnership with Dizé. He 
often consulted me during the course of his studies, and 
he followed all the procedures that I had indicated.” 
However, Lametherie certainly had no thought of 
claiming any credit beyond this. 

In 1810, Dizé published an account of the course of 
the experiments carried out in Darcet’s laboratory. 
He claimed the principal credit for the crucial step of 
adding calcium carbonate to the Lametherie mixture. 
No one paid attention to his assertions. He presented 
his claims again in 1819 on the occasion of an exhibition 
of industrial products. The jury decided against him. 
“It knows how small was the part played by M. Dizé 
in this discovery.” The government was urged by the 
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jury to do something for the Leblanc family. In 1852 
Boudet published a long paper based on notes furnished 
by Dizé who was still living, but like its predecessors 
it was built on personal statements and was backed by 
no documents. 

In 1855, the descendants of Leblanc petitioned 
Napoleon III. 


‘Has not the time come, Sire, to render to the memory of Le- 
blanc the testimonial due him for so many reasons; it would be 
both a consolation to his family and a reparation for the sufferings 
inflicted on him by his contemporaries? France and Europe owe 
him a recognition which Your Majesty alone can voice and of 
which You alone can be the expositor.”’ 


The Emperor instructed the Minister of Public Edu- 
cation to gather the data necessary to a decision, and 
he, in turn, asked the Academy of Sciences for aid. A 
report would have been prepared quickly if the Acad- 
emy had not received a communication requesting that 
the widow and children of Dizé be included in any rec- 
ommendations sent to the Emperor. This request 
made it necessary to institute a detailed study of the 
beginnings of the process; an eminent committee was 
appointed. It consisted of Thenard, Chevreul, Pel- 
ouze, Regnault, Balard, and also Dumas, who acted as 
secretary and wrote the voluminous flowery report that 
was given to the Academy on March 31, 1856. The 
conclusions reached by the committee were founded 
mainly on a careful examination of the orginal docu- 
ments. The committee’s findings were: (1) the dis- 
covery of the process was due solely to Leblanc; (2) 
Dizé’s collaboration was limited to help in determining 
the best proportions of the raw materials, and to aid in 
laying out and starting the factory. They recom- 
mended that any testimonial to the inventor of the 
process of making soda should be made to Leblanc’s 
memory and addressed to his descendants. If any 
indemnities were granted to compensate for the se- 
questration of the factory, the divulging of the patent 
and its cancellation, the grant should be divided ac- 
cording to the terms of the partnership agreement of 
January 27, 1791. The report was adopted, sent to 
the Emperor, where it was pigeonholed. 

Chevreul was the only dissident. He promised to 
give a detailed explanation for his belief in Dizé’s 
claims in his projected “History of Chemistry.” This 
volume was never published. Many years later (1906) 
the claims in favor of Dizé were again advanced, in the 
biography, ‘‘Le chimiste Dizé,’’ where no new evidence 
is produced. No one but Schelenz seems to have 
taken seriously this latest and perhaps last attack on 
Leblanc’s title to his own process. 
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Method of Sealing Fused Silica Tubes 


WILLIAM McGAVOCK, Department of Chemistry, University of San Antonio 


TECHNIC for joining or welding sand surface 
fused silica tubing up to and including three 
inches in diameter is herewith described. Joints made 
by the present method have withstood frequent heating 
to 1000°C. over a period of several months. 
The procedure consists of two sets of operations: 
(1) the preparation, and (2) the joining operation. 


The Preparation 

Obtain several feet of silica rod one-eighth inch in 
diameter for use as welding rod. Transparent rod, 
either manufactured or prepared from scrap material, 
is preferred because it works more easily in the flame 
and gives somewhat more satisfactory results. Satin 
surface rod can also be used satisfactorily. 

A coating of transparent fused silica is now applied 
to each of the ends to be joined (see Figure 1). For 
this purpose heat the tube slowly over a period of three 
to five minutes by means of two oxyhydrogen torches 
(welding torches with large tips). Start with a “soft” 
flame and gradually increase the oxygen input to 
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produce a “hard’’ flame. When the tube is red hot, 
keep one of the torches in motion around the tube while 
working with the other. The working torch is con- 
centrated at a point on the perimeter of the tube until 
the material fuses and a layer of rod is melted on. The 
operation is shown in Figure 1 and the result in Figure 
2. Continue the operation until the entire perimeter 
is smoothly covered and the quartz fillet firmly bonded 
to the sand surface end. A certain amount of me- 
chanical ‘‘puddling”’ is sometimes necessary to insure 
this. Finally, anneal the tube at red heat for three to 
five minutes. 


The Joining Operation 


From this point on, the operation is similar to any 
welding operation. The prepared ends are brought 
together and the notch smoothly filled with the welding 
rod. Thereafter the tube ends are fitted with stoppers 
and the weld is blown in the manner customary with 
glassblowers to insure uniformity in the welded section 
(Figure 3). During the entire operation extra torches 
should be played over the areas opposite the working 
torch. Annealing after completion of the weld should 
consist of heating the seal to a uniform bright red heat 
for several minutes, after which “soft” hydrogen flames 
are played over the area for an additional five-minute 
period. 


Precautions 


1. Keep the ends of the tube stoppered to prevent 
updrafts. 

2. Beware of minor explosions from hydrogen ac- 
cumulated in the tube. 

3. Avoid breathing the gases from the flames. 
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Electron Configuration 





as the Basis of the Periodic Table 


W. F. LUDER 


Northeastern University, Boston, Massachusetts 


ISSATISFACTION with the original form of the 
periodic table of the elements has resulted in the 
production of a large number of modificatiotis of the 
Mendeléeff chart (7). Yet in practically none of these 
variations has any departure from the original proposal 
of Mendeléeff been made. With but one or two ex- 
ceptions all of the charts are based primarily upon the 
order of increasing atomic numbers. In view of the 
many difficulties and inconsistencies which still remain 
in all periodic tables so arranged, it would seem that 
the time has come for a radical modification of the 
fundamental proposition. 

The basis of a more satisfactory periodic chart is to 
be found in the arrangement of the electrons in the 
various levels and sublevels according to the quantum 
theory. Several attempts have been made to do this 
and at the same time retain the order of increasing 
atomic weights. The resulting charts have eliminated 
most of the old difficulties and have introduced few 
new ones, but they have an unnecessarily complicated 
and cumbersome appearance. To secure compact 
simplicity, it seems necessary to abandon the restriction 
that the elements must be arranged in order of atomic 
numbers throughout the whole table. The sole basis 
for the chart herein advocated is the electronic con- 
figuration of the atoms, which is, after all, the only 
logical basis for a chemical chart of the elements. 


DEFECTS OF THE MENDELEEFF CHARTS 


The various modifications of the Mendeléeff chart 
have been classified (7) as follows: (1) Short chart, 
(2) Long chart (Werner type), (3) Long chart (Bayley 
type), (4) Spiral (Baumhauer type), (5) Helical (Har- 
kins type), (6) Miscellaneous. Most of those included 
in the spiral, helical, and miscellaneous types are too 
cumbersome for convenient use. Practically all the 
tables now in use are modifications of the long or short 
charts. 

Zmaczynski (9) lists as defects of the short chart: 


1. Unrelated elements such as chlorine and man- 
ganese are placed in the same group. 

2. No clear separation of metals from non-metals 
is possible. 

3. Elements which give colorless and diamagnetic 
ions are not distinguished from those which 
give colored and paramagnetic ions. 

4. The table has no place for the rare earth metals. 

5. - The table does not reflect the electron configura- 
tion of the atoms. 


At least two more should be added to this list: (6) 
the doubtful position of hydrogen (since hydrogen 
resembles the halogens in forming negative ions it has 
no definite place in the table); (7) the failure of the 
table to retain beyond the third period the continuous 
variation of properties from active metal to active non- 
metal as electrons are added to the outermost shell of 
the atoms. When the addition of electrons to the outer- 
most shell is broken off at the two 4s electrons of calcium 
so that the third shell may be completed with 3d 
electrons beginning with scandium, no chart based 
solely on an order of increasing atomic numbers can 
solve the difficulty. 

The long chart most often proposed as an alternate 
form of the periodic table (2) (Figure 1) overcomes the 
first three of the defects, but still suffers from the last 
four. Moreover, the first three defects are eliminated 
only by introducing another, which, in the opinion of 
some, is even more objectionable. 

When the table is merely stretched out to eighteen 
columns, the short second and third periods must be 
split to make room for the so-called ‘‘transitional”’ 
elements. The continuous gradation of properties. 
from active metal to active non-metal, which is char- 
acteristic of the successive addition of electrons to the 
outermost shell of the atoms and which has always been 
considered one of the most important features of the 
periodic table, is completely overlooked in the simple 
eighteen-column chart. Whereas the short chart is 
defective in this respect beyond the third period, the 
long chart ignores it entirely. 

Some advocates of the long chart have claimed it to 
be based on atomic structure and that it is the modern 
form of the periodic table. The long chart is hardly 
modern, since Mendeléeff himself first proposed it in 
1872 (7). The fact that it ignores the breaks in electron 
configuration at calcium, strontium, barium, lantha- 
num, and radium,-and, even more important, that it 
introduces non-existent breaks between beryllium and 
boron, and between magnesium and aluminum effec- 
tively disposes of the claim that the long chart is based 
on atomic structure. 

In short, the long chart eliminates three of the seven 
major defects of the short table, leaves three more un- 
changed, and greatly exaggerates the seventh. It 

would seem, therefore, that there is little net gain in the 
use of the eighteen-column chart. 

The spiral and helical forms of the Mendeléeff chart 
in many cases do eliminate some of the seven defects, 
but practically all of them violate one of the most 
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FIGURE 1.—LoNG CHART 


important requirements of a convenient periodic table, 
namely: compact simplicity. Most of the miscellane- 
ous types listed by the Quams (7) suffer from the same 
fault. Only one of them, that of Mitra (5), will be 
noted here. It is one of the early attempts to base the 
periodic table on electronic configuration. 


REQUIREMENTS OF A SATISFACTORY PERIODIC SYSTEM 


A satisfactory periodic system of the elements should 
eliminate all seven defects of the atomic number chart 
without introducing any additional difficulties. Fur- 
thermore, it should have a compact simplicity in its 
arrangement. This seems to be impossible without 
abandoning the arbitrary requirement that all the 
elements throughout the whole table must succeed 
each other in the order of their atomic numbers, but 


that requirement is merely a matter of habit and there 
appears to be no valid reason why chemists should con- 
tinue to be handicapped by it. This is especially true 
now that tables of the arrangement of electrons by 
quantum number are so well known. A brief considera- 
tion of one of these tables is sufficient to make any dis- 
cerning chemist willing to discard the strict atomic 
number order for the periodic table. 

These requirements can be met by changing the basis 
of the periodic system from that of the order of atomic 
numbers to that of the electron configuration of the atoms. 

Furthermore, when this is done Mitra’s (5) idea of 
combining the periodic table with the quantum number 
table is fully realized. The chart should not only over- 
come all existing defects without introducing new ones, 
but should ‘‘at the same time indicate without recourse 
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FiGuRE 2.—GARDNER’S CHART 
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to a second table, the nature of the electron configura- 
tion which is responsible for the periodic classification 
and the group division’ (5). 


EARLIER ATTEMPTS TO BASE THE PERIODIC SYSTEM ON , 


ELECTRON CONFIGURATION 


Since the tabulation of the quantum numbers for all 
the atoms, several writers have proposed periodic charts 
based on electron configuration. One of the earliest of 
these was that of Mitra (5). Mitra’s table is an 
‘ eight-column table laid on its side. The groups are 
horizontal, rather than vertical. The use of only eight 
columns makes the table complicated and prevents the 
elimination of several of the seven defects. 

One of the best of the earlier electron configuration 
tables is that of Gardner (3) (Figure 2). This chart 
overcomes the first five of the seven defects, but is 
prevented from being completely successful by rigid 
adherence to the order of increasing atomic numbers. 
In order to maintain this order the chart has to be 
stretched vertically and the last of the p, d, and f elec- 
trons fail to follow their natural sequence. However, 
it should be noted that this is the first chart which 
properly emphasizes the existence of four types of 
elements: (1) those with all electron groups complete 
(the inert gases); (2) those with one incomplete group 
(the representative elements); (3) those with two in- 
complete groups (the ‘“‘transition’’ elements); (4) 
those with three incomplete groups (the rare earth 
elements). The asterisk ‘‘marks elements for which 
the ‘normal’ atom is thought to have only one electron 
in the outerniost group, but as practically all these give 
divalent ions, the point is of minor interest chemically.” 
So far as the chemist is concerned all the ‘‘transition”’ 
elements have two electrons in their outermost shells. 
“The upper limits of covalencies 8, 6, and 4 are marked 
by heavy horizontal lines.” It is evident that this 
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FIGURE 3.—ZMACZYNSKI’S CHART 


chart comes close to fulfilling all the requirements of a 
satisfactory periodic system. 

Zmaczynski (9) uses a spiral imposed on a cone in- 
stead of a cylinder, then cuts the cone at the inert gases 
for plane representation (Figure 3). A glance at his 
table will show that it was unnecessary to retain the 


curvature and that when straightened out it bears 
considerable resemblance to Werner’s long chart (7). 
He is able to retain the order of atomic numbers by 
replacing potassium, rubidium, and cesium in the 
first group with copper, silver, and gold, and by placing 
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FIGURE 4.—VAN RYSSELBERGHE’S CHART 


zinc, cadmium, and mercury in the second group at 
the expense of calcium, strontium, and barium. 

The similarity between the two charts proposed in- 
dependently at about the same time by Gardner in 
England and Zmaczynski in Russia! would be remark- 
able were it not for the fact that both are thorough- 
going attempts to base the periodic system on electron 
configuration. Both use 32 columns. Both empha- 
size the existence of several types of elements. (Zmac- 
zynski calls them ‘‘normal,’’ “‘abnormal,’’ and ‘“‘twice- 
abnormal” referring to the electronic structures of the 
representative elements, “‘transition’’ elements and 
rare earths.) Both overcome five of the seven defects. 
But both fail to provide a definite place for hydrogen 
or to arrange the representative elements consistently. 
The reason for this failure is the reluctance to abandon 
the order of atomic numbers. 

Apparently Van Rysselberghe (8) was the first to 
recognize the necessity of departing from the order of 
atomic numbers (Figure 4). However, as will be seen, 
it is unnecessary to deviate as widely as Van Ryssel- 
berghe did. The table does emphasize the fact that 
“chemical properties depend more upon the azimuthal 

1 Although his chart was not published in this country until 
1937, Zmaczynski states in a footnote (9): ‘After I had used the 


table in my classes for four years it was printed in 1934 by the 
White-Russian State Publishing House, Minsk.”’ 
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quantum number / of the last electron added than on 
the principal quantum number z.” But this can be 
shown equally as well without breaking up the table 
quite so much. Further examination of the chart will 


reveal that the table overcomes some of the defects of - 


the atomic number charts, but introduces one or two 
of itsown. It does not seem to be so good as Gardner’s 
which was apparently unknown to Van Rysselberghe. 

The clue to a satisfactory arrangement of the 
periodic system according to electron configuration 
was given by R. L. Ebel (1) in 1938 (Figure 5). In 
Ebel’s table the basis of the arrangement is the position 
of the “differentiating electron.” Plotting the atoms 
according to the positions of their differentiating 
electrons makes it possible to build up a compact, self- 
contained, completely satisfactory periodic chart. 
Ebel’s three ‘‘levels’”’ can be combined into one table 
(4). Experience in using the resulting table in the 
classroom has confirmed its usefulness and has led to 
its combination with the quantum number table 
(Figure 7). 


THE ATOMIC STRUCTURE CHART OF THE ELEMENTS 


The chart shown in Figure 7 overcomes all seven of 
the defects of the atomic number charts without intro- 
ducing any new difficulties and, in addition, combines 
the quantum number table with the periodic system. 

Considering the atoms to be built up by the addition 
of one electron at a time as the atomic number increases 
by one unit of positive charge, the differentiating elec- 
tron (1) in a particular atom is the additional electron 
as the atomic number is increased one unit. In other 
words, the differentiating electron is the additional 
electron which makes an atom different from the atom 
of the preceding element in order of increasing atomic 


numbers. For example, the differentiating electron 
for Be is the second electron in the second shell. This 
THE PERIODIC TABLE 
The Representative Elements (Level 1) 
Elec- 
trons 1 2 3 4 5 6 r f 8 
Orbits 
K H He 
L Li Be B c N Oo F Ne 
M Na Mg Al Si P s Cl A 
N K Ca Ga Ge As Se Br Kr 
Oo Rb Sr In Sn Sb Te I Xe 
ig Cs Ba Tl Pb Bi Po Ab Rn 
Q Vi Ra 
The Related Metals (Level 2) 
Elec- 
trons 9 10 11 12 13 14 15 16 17 18 
Orbits 


M_ Sc Ti Vv Cr Mn Fe Co Ni Cu Zn 
N Y Zr Cb Mo Ma Ru Rh Pd Ag Cd 
Oo La Hf Ta WwW Re Os Ir rt Au Hg 
P Ac Th Pa U 


The rare earths (Level 3) 


Electrons 19 20 21 22 23 24 25 26 27 28 29 30 31 32 
Orbits 
N Ce Pr Nd Il Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 


[Taken from J. Cuem. Epuc., 15, 575 (1938) ] 
FIGURE 5.—EBEL’S CHART 
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FIGURE 6.—ENERGY LEVEL D1aGRAM. EacH CIRCLE REPRE- 
SENTS ONE ATOMIC ORBITAL 


electron differentiates Be from Li which has only one 
electron in the second shell. The position of an atom 
in the chart is given by plotting the location cf its 
differentiating electron. The shell (principal quantum 
number ~) in which the differentiating electron lies is 
taken as the ordinate; its number in that shell is taken 
as the abscissa. For example, Al occupies its position, 
because its differentiating electron is the third in the 
third shell (principal quantum number ” = 3). This 
electron is the first 3p electron. The differentiating 
electron for Si is the second 3 electron, or the fourth 
electron in the third shell. So on across the chart 
until the 3p sublevel is filled with the eighth electron in 
the third shell for argon. The differentiating electron 
for Sc is the ninth in the third shell, the first 3d electron, 
so Sc must be placed in the ninth column and third 
row. The differentiating electron for Ti is the tenth 
in the third shell and so on across to Zn where the 3d 
level is completed. From Sc to Zn electrons are being 
added to the second from the outermost shell. Most of 
these elements contain two electrons in the outermost 
shell. The exceptions, Cr and Cu, in which according 


to the quantum number table one of the outer electrons 
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has dropped back into the next shell below, will be 
considered subsequently. 

With Ga the fourth shell resumes filling up from two 
to eight for Kr. Ca and Ga are adjacent in the chart, 
but the atomic numbers are 20 and 31. This is the 
first break in the order of atomic numbers necessitated 
by arranging the table according to electron configura- 
tion. At this point it may be convenient when pre- 
senting the chart for the first time to students, to refer 
briefly to an energy level diagram such as that of Paul- 
ing (6) (Figure 6). This seems unwise for elementary 
students. A brief reference to the spectroscopic tabu- 
lation of quantum numbers is sufficient. With more 
advanced students the graphical representation of the 
energy sublevels in Figure 6 saves considerable verbal 
explanation. Visualization of the 3d sublevel lying 
between the 4s and 4p sublevels and of the 4d lying 
between the 5s and 5p sublevels, and so on, is quite 
convincing. 

Similar interruptions in the order of atomic numbers 
occur between Sr and In, La and Hf, Ba and TI, and 
after Ra. The one between La and Hf occurs after the 
ninth electron (the first 5d electron) in the fifth shell is 
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added to La. The addition of electrons to the 5d subshell 
is halted here until the 4f orbitals are completed with Lu. 
Thus the rare earths have a logical position in the chart. 
They are so much alike because their differentiating 
electrons are added to the third from the outermost 
shell. 

Following through the chart in this manner makes 
evident the fact that Mitra’s goal (5) of combining 
the quantum number table with the periodic system 
has been fully realized. The electron configuration 
of any element can be read off the chart at a glance. 
Even the shape of the chart indicates the manner in 
which electron shells are built up. 

The most remarkable feature of the arrangement ac- 
cording to the position of the differentiating electron is 
the way in which the elements fall logically into three 
separate groups. The representative elements in which 
the differentiating electrons are in the outermost shell 
form the ‘‘skeleton” of the periodic table. These 
elements exhibit the whole range of properties from 
active metal to active non-metal and beyond to inert 
gas. The valence electrons are in the outermost shell 
with a complete shell just below. The continuous 
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FIGURE 7.—ATOMIC STRUCTURE CHART OF THE ELEMENTS 


[Modified from J. Cuem. Epuc., 16, 393 (1939) ] 
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gradation of representative properties persists through- 
out, instead of ending with Ca as is the case in the 
atomic number charts. To be sure, some atoms have 
18 instead of 8 in the preceding shell, but as pointed 
out by Van Rysselberghe (8) ‘‘chemical properties 
depend more upon the azimuthal quantum number, /, 
of the last electron added than on the principal quan- 
tum number.”’ 

In the related metals (a term proposed by Ebel (1) 
which seems more logical than ‘‘transitional elements’’) 
the differentiating electrons are in the second from the 
outermost shell. The d orbitals are being completed 
while the s orbital is complete in most cases. The ex- 
ceptions such as Cu and Cr in which the s orbital con- 
tains one electron in the ‘‘normal’’ atom are, as Gardner 
pointed out, “of minor interest chemically” since 
practically all of them do form divalent ions. In 
other words, for most purposes the related metals may 
be considered as all having two electrons in the outer- 
most shell. As a result they are all much alike. Ex- 
cept for Zn, Cd, and Hg which have completed d 
orbitals, the related metals exhibit variable valence, 
paramagnetism, and colored solutions. This behavior 
is due to the small energy difference between the two 
electrons in the outermost shell and the incomplete 
shell just below. 

In the rare earths, which now have a place in the 
chart, the differentiating electrons are in the third 
from the outermost shell. The 4f orbitals are being 
filled in while two 6s electrons remain in the outermost 
shell and one 5d electron remains in the second from 
the outermost shell. Therefore, all the rare earths are 
very much alike chemically and exhibit their common 
valence of three. 

The positions of H and He give hydrogen a definite 
place in the periodic table. Two electrons in the first 
shell are very stable. Therefore, He is an inert gas. 
When it is placed next to hydrogen according to its 
electron configuration, there is no difficulty in pointing 
out why hydrogen behaves both like the alkali metals 
and like the halogens. The inclusion of He in the 
second column does not mean that it might be confused 
with the alkaline earth family; it merely emphasizes 
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the stability of two electrons in the first shell, a condi- 
tion which persists throughout all the other atoms. 

The non-metals are separated from the metals by 
the heavy line running from lower right to upper left 
across the representative elements. This line divides 
the representative elements almost equally between 
metals and non-metals. Non-metals do not occur 
elsewhere in the table. 

The periods remain the same in this chart as in the 
atomic number charts, running from an alkali metal to 
an inert gas. The sequence of electron addition in 
each period is indicated in the first column on the left- 
hand margin on the table. 

Other features of the chart will be evident upon 
further study and especially upon use in the classroom. 


CONCLUSION 


Use of the atomic structure chart of the elements in 
his own classes during the last three years, first with 
freshmen, then with physical chemistry students, 
has convinced the author that such a table is a great 
improvement over the Mendeléeff type. Invariably 
the students are much better satisfied with it than with 
the older charts. Similar reports have come from a few 
high-school teachers who have triedit. It may not be 
wise to go into excessive detail in elementary courses, 
but experience indicates that the use of the chart itself 
is advantageous at any level of instruction. 

This is to be expected. The atomic structure chart 
does much more than eliminate the obvious defects of 
the Mendeléeff charts because it is founded upon a 
more fundamental basis—electron configuration. 
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Four tasks confront the college woman of today: to acquire some skill which will 
contribute to the war effort, to develop some occupational ability to the end that she 
may earn her own living, to prepare for intelligent and responsible citizenship in days 
of confusion and change, and to enlarge and deepen her concepts of beauty and spir- 
itual values which are the basis of successful homemaking.—Stephens College News 


Reporter. 





A new paint now used for camouflage is made from soybean protein and is similar 


to casein paint. 
Because of the necessity for new types of paint for war use, research laboratories 
have already turned out a paint which can be thinned with either water, turpentine, 


alcohol, or mineral spirits. 
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SISTER CECILIA LOUISE 


S THERE any teacher who does not recognize and 

admit the value of drill? A new game, Kem-Check, 
has been designed to furnish such drill in certain funda- 
mentals in chemistry. As the name suggests, it con- 
sists of a checkerboard, on which at various places are 
printed symbols and formulas. Some of the checkers 
contain symbols, others formulas, with their corre- 
sponding weights. Playing the game supplies drill in 
learning atomic weights, valences, grouping of elements 
according to families, combinations of elements in 
formulas, the displacement order, and chemical reac- 
tions. 


HOW THE GAME IS PLAYED 


(a) Each player starts out from his corner with a family of 
elements. There should be the same number of positive and 
negative elements used at each game. If there are two players, 
one takes a family of positive elements, the other, one of the 
negative elements. When four play, two choose their families 
from the positive group, while the other two use the negative 
elements. 

In the game there are five families of positive elements from 
which players may choose, so that by using different families at 
different times, chemistry students may become acquainted with 
a greater number of elements. There are only two families of 
negative elements. 

(6) The players move their elements by turn, one at a time, 
along the white lines connecting the white circles. 

(c) When a positively charged element meets a negatively 
charged element, or vice versa, it may jump the opposite charge 
and remove it from the board. 

(d) On ten white circles scattered over the board are symbols 
of elements, and around each symbol are four formulas of which 
that element forms a part. When a disc bearing the symbol of 
any one of the four combining elements represented in the four 
formulas reaches the circle, it is removed from the board, and the 
disc bearing the formula of the compound thus formed replaces 
it. The player then moves the compound toward his goal. For 
example, when Na reaches the I circle it is replaced by the disc 
Nal, which thus moves toward the goal. 

(e) Compounds must avoid circles bearing elements which will 
bring about their decomposition. 

If a player places a compound upon an element which can dis- 
place either one of the elements in the compound, the element 
must be removed from the board, and the player loses its value 
in counting up his totals. The list of elements in their order of 
displacement is printed on the corner of the board. 

(Rule (e) is optional. It is intended for chemistry students.) 

(f) The game ends when any one player has succeeded in get- 
ting all his elements, which have not been removed by some other 
players, to the opposite corner. 

(g) Each player then adds up the atomic weights of those of 
his elements which have reached their goal, and the atomic 
weights of the elements of the opposing players which he has 
removed from the board, and the molecular weights of the com- 
pounds that have reached their goal or been captured. 

(h) The player having the highest total wins the game. 


The playing board may be made in two different 
ways: a small size, about as large as an ordinary check- 
erboard, for two, three, or four players; or a large dem- 
onstration size for use in the classroom. With the large 
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form, which may be placed upright against the black- 
board in the front of the room, the progress of the play- 
ers may be followed by the class, or, better still, a sys- 
tem of relays may be used, whereby a greater number 
of students take part. 

Kem-Check has won acclamation at two conventions 
of science teachers: it received an award among ex- 
hibits shown at the convention of the Junior Academy 
of Science of Ohio held at Cleveland in May, 1941. It 
was also shown at the convention of Science and Mathe- 
matics Teachers held in November, 1941, in Chicago. 

Three types of people will find Kem-Check worth 
while and entertaining: 

1. Those who know nothing about the science of 
chemistry will learn much about it and will want to 
increase their knowledge. 

2. Students of chemistry will find it an invaluable 
aid in learning certain fundamentals. 

3. To veteran chemists it will be absorbing enter- 
tainment. 

Detailed directions for making and playing the game 
may be obtained from Sister Cecilia Louise, Notre 
Dame High School, Wellington and Mango Avenue, 
Chicago, Illinois, for fifty cents a copy. The manufac- 
ture of the game itself is delayed because of government 
restrictions regarding materials. Buyers of directions 
may, however, make as many copies of the game for 
their own use as they wish from the materials which they 
may have on hand. Since the game has been copy- 
righted it may not be produced for sale. 
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A Dispenser for Corrosive Liquids 


SAVERIO ZUFFANTI 
Northeastern University, Boston, Massachusetts 


THE DISPENSING of corrosive liquids, such as 
bromine, the phosphorus chlorides, and others, is a seri- 
ous problem in laboratories where many portions must 
be measured out. 


GLAS 
ASPIRATOR 














In the Organic Chemistry Laboratory of Northeast- 
ern University we have tried many methods and have 
found them undesirable largely for two reasons: (1) 
deteriorating action on rubber connections resulting in 
breaks, and (2) corrosive liquids freezing glass stop- 
cocks, or loosening of the stopcock on handling resulting 
in the spilling of the liquid. Bromine is the worst of- 


fender, as its vapors are very irritating, and the liquid 
causes very severe and slow-healing burns. 

The following apparatus seems to overcome all the 
objections cited. We have used this dispenser success- 
fully with classes of 50-60 students and have had no 
accidents in two years. 

The apparatus consists of a reservoir, D and a gradu- 
ate, E, connected by glass tubing containing connec- 
tions and three glass stopcocks, A, B, and C. The ca- 
pacities of D and E are 500 ml. and 100 ml., respec- 
tively. These, of course, could be changed to meet the 
needs of the user. As the system functions under a 
slight vacuum, and the vapors are very corrosive, it is 
necessary to use a glass aspirator. 

The operation of the apparatus is simple and efficient. 
Stopcocks A and C are ordinarily kept open, and 
are closed only when the system is not to be used for 
some time. The graduated cylinder E is kept 
disconnected until bromine is to be drawn from the 
reservoir D. 

With the aspirator functioning, and all stopcocks 
open the graduate is put into place and then stopcock 
B is closed. When the desired volume of liquid has 
been sucked into £, the stopcock B is opened, which 
stops the flow. With very little experience one can 
judge when to open B to get the desired volume. 





An Apparatus for Semimicro Evaporations 
SHIRLEY GADDIS, Eureka College, Eureka, Illinois 


AN INTERESTING apparatus for micro-evapora- 
tions has been described by L. T. Kurtz.' Since the 
technic offers a number of advantages, it seems de- 
sirable to adapt it to the semimicro scale of working. 
Since steam and electricity are usually not available 
in the freshman laboratory the following modifications 
of the Kurtz method are suggested in adapting it to 
the semimicro scale: 

A 5-ml. tapered test tube containing 3 ml. of the 
test solution is slipped into the neck of a 25-ml. Erlen- 
meyer flask which has in it 15 ml. of water. The 
dimensions of the flask and the tube are such that the 
tube is supported upright yet there is space left for the 
escape of steam. The water in the flask is boiled for 
8 minutes. Then air from an atomizer bulb is blown 
through a glass jet over the surface of the test solution. 





1 Kurtz, Ind. Eng. Chem., Anal. Ed., 14, 191 (1942). 


It is not necessary to preheat the air. Most of the 
evaporation seems to be brought about by the spread- 
ing of a thin film of the test solution over the walls of 
the hot tube. For that reason the glass jet should be 
adjusted so that a swirling motion is imparted to the 
surface of the liquid. Six minutes of air blowing is 
enough time to evaporate 3 ml. of the test solution 
to dryness. 

In using this method for the first time one might be 
led to believe that some of the test ions are lost by 
spattering as well as by entrainment in the vapor. 
That this danger is more apparent than real can be 
proved by using two 3-ml. portions of some test ions 
of Groups II or III. Evaporate one portion to dryness 
by the method described. To the residue add 3 ml. 
of water and then add sulfide ions to both tubes. 
Centrifuge. The amounts of precipitate will be seen 


to be the same. 
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Extraction of Metals from Ores’ 


CARLE R. HAYWARD 
Professor of Process Metallurgy, Massachusetts Institute of Technology 


N INTRODUCING this subject, it will be of interest 
to glance rapidly over the principal metals and note 
the parts of the world from which they come. The 
following table is based on the year 1937 in which the 
figures are more normal than in the war years. 


TABLE 1 
LEADING PRODUCERS OF COMMON METALS IN 1937 


*Aluminum 1, United States; 2, Germany; 3, Russia. 

Antimony 1, China; 2, Mexico. 

*Beryllium 1, Germany; 2, France; 3, United States. 

Bismuth 1, Peru; 2, Bolivia; 3, Mexico; 4, Canada. 

*Cadmium 1, United States; 2, Mexico; 3, Canada. 

*Calcium 1, Germany; 2, United States; 3, Sweden. 

Chromium Ore 1, Russia; 2, Rhodesia; 3, Turkey. 

*Cobalt 1, Belgian Congo; 2, Canada; 3, United 
States. 

*Copper 1, United States; 2, Chile; 3, Africa. 

*Gold 1, Transvael; 2, Russia; 3, United States; 
4, Canada. 

“Iron 1, United States; 2, Germany; 3, Russia. 

*Lead 1, United States; 2, Mexico; 3, Australia; 
4, Canada. 

*Magnesium 1, Germany; 2, United States; 3, France. 

Manganese Ore 1, Russia; 2, Africa; 3, India. 

“Mercury h 1, Spain; 2, Italy; 3, United States. 

*Molybdenum 1, United States. 

*Nickel 1, Canada; 2, New Caledonia. 

Platinum Group 1, Russia; 2, Canada; 3, Colombia. 

*Silver 1, Mexico; 2, United States; 3, Peru. 

Tin 1, Malaya; 2, Bolivia; 3, Africa. 

Tungsten 1, Burma; 2, China; 3, Malaya; 4, United 
States. 

*Vanadium Ore 1, Peru; 2, Africa; 3, United States. 

*Zinc 1, United States; 2, Belgium; 3, Canada; 
4, Germany. 


*United States one of three highest producers. 


A study of the above table shows the United States 
to be among the leading producers of most of the im- 
portant metals. Our principal deficiencies are in tin, 
nickel, manganese, and chromium. In the cases of tin 
and nickel, the United States production is negligible 
and there is little indication that this condition can 
ever be improved. There are many low-grade man- 
ganese deposits which can be used in an emergency, 
but most metallurgists believe that in normal times it 
would be cheaper and wiser to continue the importation 
of high-grade ores. Many advocate a policy of stock- 
ing four or five years’ supply of imported ores at 
government expense for use when commerce is inter- 
rupted. The chromium situation is little better than 
the manganese situation and here also it might be wise 


1Address presented before the Fourth Summer Conference of the 
N.E.A.C.T. at the University of New Hampshire, Durham, N. H., 
August 12, 1942. 
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to stock several years’ supply of high-grade chromite. 
Both manganese and chromium are vital to the steel 
industry which must be maintained at top efficiency. 

Most of the world’s nickel is produced in Canada, 
and in normal times is readily available to the United 
States. The nearest source of tin is Bolivia. Supplies 
of ore or metal could be easily stored if it were thought 
desirable. 


MINERAL FORMS IN COMMERCIAL ORES 


The method used for metal recovery depends not only 
on the metal itself but on the form in which it exists in 
the earth’s crust. The metallic minerals which make 
up our ores may be roughly divided into sulfides and 
non-sulfides. The latter, including oxides, carbonates, 
and silicates, are often called oxide minerals. A few 
elements occur in the metallic state. The following 
table lists the forms which predominate in the commer- 
cial ores of some of the common metals. 


TABLE 2 


METALS WHICH MAY OCCUR IN EARTH’S CRUST IN 
THE METALLIC STATE 


Gold* Copper 
Silver Mercury 
Platinum* Bismuth 


COMMON METALS OBTAINED COMMERCIALLY, 
MAINLY FROM SULFIDE MINERALS 


Copper Antimony 

Lead Mercury 

Zinc Bismuth ‘ 
Nickel Molybdenum 


COMMON METALS OBTAINED COMMERCIALLY, 
MAINLY FROM OXIDE MINERALS (OXIDES, CARBON- 
ATES, SILICATES, ETC.) 


Iron Chromium 
Tin Tungsten 
Aluminum Manganese 
Magnesium Beryllium 





* The principal form of occurrence of these metals. 


It should be recognized that the above table is not 
inclusive but gives predominating forms. For instance, 
minor amounts of copper are obtained from ores where 
the copper is as metal or oxide, but most of the world’s 
production is from sulfides. 


CONCENTRATION OF MINERALS 


Iron ores are sufficiently abundant to supply the 
world’s smelting furnaces with plenty of material run- 
ning above 50 per cent iron, which readily lends itself 
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to direct smelting. In the case of most of the common 
non-ferrous metals, however, the valuable minerals are 
so intermixed with minerals of no value, principally 
silicates, that the resulting ore is of very low grade. 
For example, the average copper content of the copper 
ores mined in the United States is under 1.35 per cent 
copper and the output of some of the largest mines is 
less than 1.0 per cent. The cost of smelting such low- 
grade material would be prohibitive, but fortunately a 
method has been found to separate the metallic miner- 
als from waste rock and from each other by inexpensive 
methods, giving a product which can be further treated 
for metal recovery. . 

One general method formerly used extensively took 
advantage of the relatively high specific gravity of 
metallic minerals. If a piece of silica and a piece of 
lead sulfide of the same size are suspended in water, a 
rising current of a certain speed will allow the sulfide 
to sink and the silica to rise. Various machines using 
this and allied principles have been developed which 
succeeded in recovering fairly high percentages of the 
metallic minerals in an ore as a product suitable for 
smelting. A more recent and now more widely used 
method of concentration known as differential flotation 
utilizes some obscure and not completely understood 
chemical, physical, and electrochemical laws to pro- 
duce excellent results. The ore must first be crushed, 
ground very fine, and placed in water containing 
small amounts of various organic and inorganic chemi- 
cals, one of which must aid in producing a froth when 
finely divided air is blown into the suspension or 
beaten in with propellers. By a suitable selection of 
reagents, the surfaces of certain minerals are rendered 
non-wettable and small air bubbles become attached to 
them, causing them to rise into a froth which retains 
them at the surface of the water from which they may 
be skimmed off. By adding reagents successively a 
continuous operation may be worked out whereby an 
ore may be separated into several valuable mineral 
components and a worthless residue. 

Sulfide copper concentrates produced by differential 
flotation usually run 25 to 35 per cent copper, zinc con- 
centrates more than 60 per cent zinc, and lead con- 
centrates more than 60 per cent lead. All of these are 
satisfactorily and profitably treated by the relatively 
expensive smelting methods to make a final metal 


recovery. 


EXTRACTION OF METALS FROM HIGH-GRADE ORES OR 
CONCENTRATES 


The fundamental operations used to produce metals 
from ores or concentrates are summarized in the follow- 
ing outline. The later comments will elaborate each 
item. 

1. Oxide ores of iron, tin (concentrates), lead, and 
antimony. Fuse in contact with carbon 
(usually coke) and fluxes. 

2. Sulfide concentrates of lead, bismuth, antimony. 
Burn off sulfur, then fuse with carbon and 
fluxes. 
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3. Sulfide zinc concentrates. Burn off sulfur, 
then heat in clay retorts with carbon. Zinc 
distils and is condensed. 

4. Sulfide mercury ore. Heat under oxidizing 
conditions. Sulfur removed as SO2, mercury 
as vapor which is condensed. 

5. Gold ore. Dissolve metallic gold content in 
weak cyanide solution. Precipitate gold 
with zinc dust. 

6. Sulfide copper concentrates. Fuse to form 
“matte” (CusS + FeS). Blow air through 
molten matte in the presence of SiO... SO: 
volatilizes; FeO unites with SiO. to form 
slag, which is removed; Cu remains. 

7. Oxide copper ores. Leach with dilute H2SO,. 
Electrolyze solution to deposit copper. 

8. Aluminum ore. Purify to produce Al,O;. 
Electrolyze in fused cryolite bath. Alumi- 
num deposited and removed in molten state. 

9. Tungsten, chromium, molybdenum concen- 
trates. Produce pure oxide. Reduce to 
metal without fusion by heating in reducing 
gas. Coalesce below melting point under 
high pressure. 

10. Magnesium, calcium. Produce anhydrous 
chlorides. Electrolyze to deposit the metal. 

11. Silver (and considerable gold) recovered as a 
by-product from lead and copper smelting 
and refining. 


COMMENTS 


1. Although we have no proof of the fact, it is probable that 
the first metals used by primitive man, aside from the small 
amounts found as meteoric iron and native copper, were produced 
by accidental reduction in fires. It may be that one of our aborigi- 
nal ancestresses used some lumps of azurite or malachite (beau- 
tiful blue and green carbonates of copper) to decorate the family 
fireplace. After cooking a hearty supper, the fireplace, filled 
with hot coals, was left overnight. The next morning a strange 
reddish material was found in the ashes which the man of the 
cave put to good use. It was metallic copper. 

Reduction of many oxides is fairly simple. Copper, lead, and 
tin oxides were reduced to metals at an early period in the 
world’s history and the copper-tin alloys (bronze), since they 
melted at a low temperature and had good mechanical properties, 
were used for many purposes. The bronze age preceded the iron 
age because, although iron may be metallized by reducing at a 
low temperature, it was not easy for primitive man to fuse it. 
The first iron was agglomerated as a pasty mass full of slag. In 
modern iron blast furnaces one hundred feet high, the oxide ore 
and coke move slowly downward, become heated, the iron metal- 
lized, or reduced, by reaction between the oxide and CO gas, and 
finally near the bottom of the shaft the iron is melted, sinks into 
the crucible, and on it float most of the impurities as a molten 
silicate slag. These products are removed separately and the 
pig iron becomes raw material for numerous uses, principal of 
which is steel making. 

2. In the treatment of sulfide concentrates it is merely neces- 
sary to heat the material-under oxidizing conditions to remove 
sulfur as SO. and convert the metal to oxide. This product 
may then be reduced to metal by heating with carbon. 

The oxidation of sulfide concentrates is called roasting, and for 
best results a thorough knowledge of gas-solid equilibria is neces- 
sary. The reaction 2PbS + 30, — 2PbO + 2SO, is easy to 
write, but it is complicated by the auxiliary reaction 2PbO + 
2SO02 + O2 —» 2PbSO,. The latter will take place to some extent 
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unless the temperature is above the point at which PbSO, dis- 
sociates. To promote complete desulfurization it is desirable to 
dilute or remove the sulfurous gases and operate at a relatively 
high temperature. In desulfurizing lead or zinc concentrates the 
usual procedure is to use a machine which slowly moves grates 
over a suction box. The sulfides are fed continuously upon the 
grates and pass under a flame which ignites the surface of the 
charge. The suction below the grates then draws air down 
through the sulfides, causing rapid oxidation and the develop- 
ment of temperatures so high that the particles are fritted to- 
gether, leaving a porous product very low in sulfur. In the case 
of lead, this product makes an excellent blast furnace charge. 
In the case of zinc, the product is crushed for further treatment. 

The roasting of sulfide antimony ores is complicated by the 
fact that Sb.O; is volatile at low red heat. Excess air is neces- 
sary to produce the non-volatile Sb2Os. 

Sintered lead ores are usually smelted by mixing with limestone 
and feeding with coke into a small shaft furnace, with cold air 
entering through pipes near the bottom. The coke furnishes heat 
by combustion and the hot carbon and carbon monoxide act as 
reducing agents to convert PbO to Pb which, with the molten 
slag, is removed at the bottom of the furnace. 

8. Zinc boils at 1700°F. (927°C.) but ZnO is not reduced by 
carbon until a slightly higher temperature. It is obvious, there- 
fore, that when zinc oxide is reduced, the metal appears as a 
vapor, which must be condensed in some way. The common 
practice is to mix the desulfurized concentrates with coal, place 
the mixture in cylindrical clay retorts closed at one end with a 
clay condenser attached to the other end. On heating to a tem- 
perature above the reducing point of ZnO the zinc vapor is formed 
and passes to the condenser, where it is recovered in the molten 
state. 

4. Mercury sulfide behaves in a peculiar way, due to the fact 
that metallic mercury is not easily oxidized. When the ore is 
heated under oxidizing conditions to a dull red heat the following 
reaction takes place: HgS + O2.—> Hg + SOs. Since the boiling 
point of mercury is 674°F., (357°C.) well below red heat, the 
mercury, SO2, and heating gases emerge from the furnace to- 
gether. The Idw pressure of the mercury in this gas mixture 
causes difficulties in condensation and it is necessary to pass the 
gases through a long line of condensing pipes followed by a water 
spray if complete condensation is to be obtained. 

5. Nearly all gold occurs in ores in the metallic state. Rela- 
tively coarse particles are recovered by amalgamating in mercury 
but a larger amount is recovered by crushing the ore very fine 
and subjecting it to an aqueous solution carrying a few hun- 
dredths of a percent of NaCN. The reaction is2Au + 4NaCN + 
O + H,O — 2NaAu(CN): + 2NaOH. If zinc dust is added to the 
solution, the gold is precipitated by the following reaction: 
NaAu(CN), + 2NaCN + Zn + 2H,O0 — NaZn(CN), + Au + 
H: + 2NaOH. The precipitated gold is recovered from this 
solution by filtering. 

6. Pure copper oxide may be readily reduced to pure metallic 
copper by heating with carbon. Unfortunately, however, copper 
concentrates usually contain considerable iron and this too would 
be reduced to some extent and alloy with the copper. In order 
to facilitate the separation of copper and iron, advantage is 
taken of the fact that copper has a much higher affinity for sulfur 
than has iron. If a high-grade copper concentrate is fused, a 
double compound of iron and copper sulfides is formed. Some- 
times part of the sulfur is roasted off before the concentrates are 
fused. The fused sulfides are placed in a cylindrical vessel (con- 
verter) lined with magnesite brick. This vessel rests on its side, 
supported by rollers, and may be rotated through 360°. Silica 
is added to the bath and air is blown through the mixture causing 
the following reactions: 


2FeS + 30; — 2FeO + 280, 
2FeO + SiO, — 2FeO-SiO, 


The operation is continued until all the iron sulfide is oxidized, 
then the resultant iron silicate is poured off, leaving CueS in the 
converter. The blowing is then continued to oxidize the remain- 
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ing sulfur and the operation is stopped when the copper starts to 
oxidize. There is sufficient heat generated by the reactions to 
keep the charge molten without fuel. 

7. Some low-grade copper carbonate ores cannot be economi- 
cally concentrated. Where the quantity and nature of the ore 
justify the operation, it may be possible to dissolve the copper 
selectively in a dilute H2SO; solution. The largest plant in the 
United States using this operation puts the crushed ore in a suc- 
cession of lead-lined concrete tanks, each holding 9000 tons of 
ore. The sulfate solution is pumped over the ore, filters through, 
and is then pumped to the next tank in series until the acid is 
used up. Each day one tank is emptied and one filled. The re- 
sulting solution is passed through electrolytic cells containing 
lead anodes and copper cathodes, where the current deposits 
the copper and regenerates acid as follows: ~ 


2CuSO, + 2H2,0 — 2Cu + 2H2SO, + O2 


This solution is returned to the leaching vats to dissolve more 
copper. 

Zinc oxide resulting from roasting low-grade zinc concentrates 
is sometimes treated by the same principle, but instead of per- 
colating the solution through the ore, it is necessary to agitate 
the fine ore in the solution. 

8. Aluminum oxide will be reduced by carbon at a high tem- 
perature, but unfortunately aluminum carbide is simultaneously 
formed. The only commercial method thus far developed for 
producing metallic aluminum is to dissolve Al.O; in fused cryo- 
lite (Na;AIF,) and pass a current through the bath from a carbon 
anode at the top toa carbon cathode at the bottom. The metallic 
aluminum produced is molten and heavier than the cryolite. It 
therefore accumulates on the bottom of the cell until it is tapped 
out. 

Aluminum oxide is commonly known as alumina and the pub- 
lic, including newspaper reporters, fails to distinguish between 
alumina and aluminum. Various methods are available for pro- 
ducing pure alumina but, as stated above, only one for producing 
the metal. Various non-technical publications frequently an- 
nounce excitedly the discovery of a new and supposedly cheap 
process for producing aluminum when they mean that someone 
has found another way for producing alumina. The cost of pro- 
ducing pure alumina by any known method is less than half the 
final cost of producing the metal. 

9. Ferro-alloys of tungsten, chromium, and molybdenum may 
be produced by simultaneous reduction of the oxides of these 
metals and iron. The resulting alloy has a melting point much 
lower than that of the pure metal and is satisfactory for use in 
the steel industry. The pure metals have extremely high melting 
points and tend to form carbides if reduced with carbon. It is 
possible, however, to purify the concentrates by chemical means 
to produce pure oxides which may be reduced at relatively low 
temperatures by heating in a hydrogen atmosphere, leaving a 
metallic powder. The tungsten filaments of incandescent lamps 
are made by compacting the powdered metal under high pressure 
heating to a bright yellow temperature, swaging it to a thin rod 
and drawing it to wire. 

10. The standard method for producing metallic magnesium 
or calcium is first to make pure anhydrous chlorides and pass an 
electric current through them. The metals are deposited molten 
at the cathode and chlorine gas evolved at the anode. Mag- 
nesium boils at 2025°F. (1107°C.) and various methods have 
been tried with moderate success to produce the metal by reduc- 
tion and volatilization followed by condensation. The ease with 
which magnesium vapor ignites has proved a serious handicap to 
these methods and it remains to be seen whether some volatili- 
zation method will ultimately prove superior to the electrolytic 
method. 

11. Both silver and gold are frequently found in small 
amounts in copper and lead ores. When the ores are concen- 
trated, the precious metals are almost entirely found in the con- 
centrates and when the concentrates are smelted, the precious 
metals are found dissolved in the base metals. 

If a small amount of zinc is stirred into molten lead, it forms 
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compounds with silver and gold which float to the surface and 
may be skimmed off and the precious metals recovered from the 
skimmings. 

Copper may be refined by electrolysis in an aqueous solution of 
sulfuric acid and copper sulfate. The impure copper is made the 
anode and pure copper the cathode, and the precious metals re- 
main as a finely divided slime which settles to the bottom of the 
electrolytic tank and from which they may be recovered. 

A large amount of gold and silver is recovered by the above 
methods. 


FIRE REFINING 


It has been impossible in such a brief space to give 
more than the barest skeleton of metallurgical proce- 
dures. It will require some thought and imagination 
to put meat on the skeleton. It will be noted that, 
with few exceptions, crude metals are produced by a 
reducing fusion which in practice utilizes the principles 
of selective reduction. Some oxides reduce more 
readily than others and it is possible to produce a metal 
from one, while leaving others combined ina slag. The 
latter is usually a silicate, a combination of SiO, with 
one or more other oxides. Since these slags are nearly 
always lighter than metals a separation may be made 
in the liquid state by gravity, the slag floating on top. 

Unfortunately, it is seldom possible to reduce one 
metal completely without at the same time reducing 
some others. In the molten state the principal metal 
produced will usually dissolve other reduced metals to 
a certain extent, making subsequent refining necessary. 
One of the commonest methods used is selective oxida- 
tion in the molten state. 

Phosphorus, silicon, and carbon are found in the pig 
iron produced in the iron blast furnace. If pig iron is 
put in an open-hearth furnace in the molten state or 
added solid and melted, the above impurities may be 
removed, or reduced to a fixed amount, by adding iron 
ore as an oxidizing agent and limestone as a slag-forming 
constituent. A typical reaction is Si + Fe,0; > Fe + 
FeO + SiO:. The silica forms slags of calcium and 
iron silicate, containing calcium phosphate and other 
impurities. It is customary to first dilute the im- 
purities in the pig iron by adding steel scrap to the 
furnace charge. 

Arsenic, antimony, and tin may be removed from 
molten lead by selective oxidation. They float on the 
surface as arsenate, antimonate, and stannate of lead. 
Bismuth, on the other hand, is less readily oxidized than 
lead and, it present in appreciable amount, must be 
removed by other methods. 

Other metals may be fire refined if they contain im- 
purities which are more readily oxidized than them- 
selves. 

ELECTROLYTIC REFINING 

The most common example of electrolytic refining is 
that of copper, to which reference has already been 
made. The only satisfactory way to remove precious 
metals from copper is by electrolysis, and since most 
copper contains appreciable amounts of precious metals 
the values recovered often more than pay for the 
operation. Furthermore, the presence of very small 


amounts of impurities lowers the electrical conductivity 
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of copper and, since the largest use of copper is for 
electrical purposes, the high purity obtained by electro- 
lytic refining is desirable. 


HANDLING SMELTER GASES 


A visitor to a smelter is impressed by the large 
amounts of molten metal and slag which he sees, but 
gives little thought to the gases which he doesn’t see. 
Yet the weight of gases is greater than the weight of 
metal and slag combined! An iron blast furnace may 
produce a thousand tons of pig iron in 24 hours. In 
the same time over three thousand tons of gases will be 
produced, and since these gases are combustible and 
are used for heating purposes, they must be freed of 
dust and passed through pipes to the points where 
they are to be used. 

Gases from copper smelters contain a large quantity 
of sulfur compounds which, in most cases, is wasted. 
In order that they may be dissipated into the atmos- 
phere in a way which will not injure vegetation, the 
dust and volatilized compounds are first removed, after 
which the gases are discharged through tall stacks 500- 
700 feet or more in height. The great stack at the 
Anaconda smelter is not the tallest but has an inside 
diameter of 75 feet at the bottom. 

The dust and fume from smelter gases are often 
worked up for the recovery of valuable constituents. 


SUMMARY 


It will be observed from the foregoing discussion that 
a thorough knowledge of the fundamentals of chemistry, 
physics, and physical chemistry is necessary for success- 
fully extracting metals from their ores and refining the 
crude product. Coupled with this knowledge must be 
the ability to apply it in commercial operations and 
the courage to enlarge and improve these operations in 
order to reduce the cost of production. 

To illustrate these points, visualize a copper mine at 
which the average copper content of the ore is slightly 
less than one per cent, or 20 pounds per ton. With 
copper at 12.5 cents per pound the value of the ore 
would be $2.50 per ton. 

The only way in which this mine can operate profit- 
ably is to utilize every bit of technical and engineering 
skill it can find and work on a large scale, to cut over- 
head costs. It is mining over 80,000 tons of ore per 
day, every ton of which is finely ground and concen- 
trated by flotation. The concentrate from this opera- 
tion weighing about 3000 tons and containing between 
25 and 30 per cent copper is roasted and smelted to 
give about 2500 tons of ‘“‘matte” which is treated in a 
converter to produce metallic copper. This is partly 
refined in a casting furnace which produces anodes for 
electrolytic refining, and the pure copper from the 
latter operation is melted and cast into commercial 
shapes. The fact that the product may be sold at 
12.5 cents per pound with a substantial profit is a 
credit to the knowledge, ability, and vision of all who 
participate in the operations. 

Equally creditable descriptions could be given of the 
operations by which many other metals are produced. 
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HE NEED for technically trained workers in the 

field of explosives is urgent today. Many institu- 
tions are now training such workers. This training is 
necessarily narrowly specialized, however, and is often 
given to personnel having little understanding of the 
fundamental processes involved. 

If time permitted, it would seem advisable to give 
such workers a brief orientation course in their fields 
before plunging them into specialized work. Such 
orientation, however, need not be limited to the tech- 
nical workers in the field of explosives; it might well 
be given to many young men planning to enter the 
armed services. A little knowledge of the materials 
they are handling and the processes they are using 
might well make them more intelligent operators in this 
mighty struggle. To know, for example, that TNT 
can be melted, poured, sawed, drilled, or even fired 
through with a rifle bullet without exploding might be 
of considerable comfort to many men of the armed 
forces. To know also that wet guncotton is safe gun- 
cotton, but that it can be fired with dry guncotton 
might be of considerable interest to many a sailor. 

In addition to some knowledge of explosives, there 
are numerous other applications of chemistry to war- 
fare which it would be helpful for every officer to know. 
True, army manuals give much of the essential infor- 
mation needed in condensed form for men in particular 
branches of the service, but there is no general or back- 
ground material suitable for all officer candidates; 
nor is there apt to be time for such material in the short 
period permitted for officer training. 

The colleges, obviously, can be of considerable assis- 
tance in this respect by giving to as many students as 
possible such orientation material before these young 
men begin officer training. The material need not be of 
highly specialized nature; it can easily be placed at the 
freshman level, capable of being grasped by any boy 
who has had some slight contact with chemistry. 

t would seem that as far as the liberal arts college 
is concerned its greatest contribution to the war effort 
in the field of chemistry might be the presentation of 
just such orientation material. In this way, boys (and 
girls) could be prepared for intelligent participation in 
technical chemical fields connected with the war or for 
intelligent understanding of the chemicals they may 
come in contact with in war itself. 

With this point of view in mind, it was decided to 
organize and present a series of ten lectures on ‘‘Chemis- 
try in War” at Colgate University during the past 
summer. The lectures were given as a part of the course 
in general chemistry but were opened (without credit) 
to all others interested who had had any elementary 
course in either chemistry or physical science survey. 


A Brief Course in Chemistry and Warfare 
SIDNEY J. FRENCH, Colgate University, Hamilton, New York 
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The following rather abbreviated description of the 
course is offered, together with a limited bibliography, 
in the hope that it may be helpful to others planning 
such work. Since the course was of an experimental 
nature no attempt was made to cover all possible appli- 
cations or to exhaust all references. 

The principal topics covered in the ten lectures were 
as follows: 


1. Introduction to the chemistry of explosives; black gun- 
powder. 

Nitroglycerin and nitrocellulose explosives. 

Nitroaromatic explosives. 

Primary explosives or detonators; classification of ex- 
plosives. 

The synthesis of ammonia and its significance. 

Smokes and incendiaries. 

Poison gases, historical. 

Poison gases, classification. 

Chemical resources. 

Gasoline and rubber. 
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Topic 1 started with simple definitions of terms such as 
explosion, implosion, explosive materials, the distinction 
between explosives which burn and produce explosions 
only in closed places and those which explode in the 
open. The products of typical explosions were briefly 
considered. 

Demonstrations included the explosion of nitrogen 
triiodide, of potassium and bromine, of hydrogen and 
oxygen. Small mixtures of potassium chlorate and 
phosphorus, of potassium chlorate and sulfur, and of 
potassium nitrate and sulfur were exploded on an anvil. 

Next the principal elements found in explosives were 
considered together with the reason for their im- 
portance in such compounds or mixtures. The elements 
thus covered included nitrogen, oxygen, carbon, hydro- 
gen, phosphorus, sulfur, chlorine, aluminum, lead, and 
mercury. Emphasis was placed on nitrogen as the key 
element in most modern explosives. 

Greek fire, the ancestor of black gunpowder, was in- 
troduced briefly before considering the importance of 
the discovery of the explosive nature of black gunpow- 
der. Davis! lists this discovery as one of three major 
causes for the breakup of the Middle Ages. The other 
two were the invention of the printing press and the 
discovery of America. Whether we agree or not, it is 
certain that the discovery of the explosive power of 
black gunpowder radically altered the nature of war 
and engineering. 

The great difficulties encountered in finding sufficient 
amounts of potassium nitrate for the gunpowder in- 
dustry is amply attested in the history of many wars, 
including our own Revolutionary War. The opening 





1 Davis, ‘‘Chemistry of powder and explosives,’ John Wiley 
and Sons, New York, 1941, p. 28. 
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of the Stassfurt mines in Germany provided the potas- 
sium, and finally the discovery of the vast Chilean beds 
of sodium nitrate furnished the other scarce ingredient. 

Modern methods of making black powder were con- 
sidered briefly. 

In Topic 2 several of the more important tests for 
explosives were explained. These included the Trauzel 
block test, the small lead block test, the falling weight 
test, the Dautriche test for speed of propagation of an 
explosion, the meaning of the term brissance, and the 
Munroe effect. 

The general methods for preparing nitric esters were 
then considered, followed by a brief discussion of the 
preparation and properties of ethylene glycoldinitrate 
and the glycerol dinitrates. 

The discovery of the explosive properties of glycerol 
trinitrate (nitroglycerin) marks the first important ad- 
vance in the development of explosives after the intro- 
duction of black powder. The interesting story of this 
discovery and its exploitation by Alfred Nobel is worth 
spending some minutes on. 

Other explosives of this general class which were 
discussed briefly included penthrite (pentaerythritol 
tetranitrate), nitromannitol (mannitol hexanitrate), 
nitrostarch, and nitrated sugars. 

Nitrocellulose (guncotton) comes in for more detailed 
consideration, which includes ils discovery and the 
early efforts to use it in war, its method of preparation, 
and its classification into guncotton and pyronitro- 
cellulose depending upon the degree of nitration. 

The decade 1880-90 marks the second notable ad- 
vance in the field of explosives. Up to that time, the 
only successful propellant had been black powder. All 
efforts to use guncotton or other explosives for this 
purpose had failed. When it was discovered, however, 
that guncotton formed a colloidal solution in acetone 
and pyronitrocellulose formed a similar type of solution 
in a mixture of ether and alcohol, the way was opened 
for a new and important propellant—smokeless powder. 
In 1888 Alfred Nobel patented ballistite, a propellant 
containing nitroglycerin; the British soon followed with 
cordite. 

These new propellants came much closer to the ideal 
of an explosive for this purpose. They could be made 
to burn slowly and progressively by the use of retarders 
such as graphite and by the simplé expedient of drilling 
holes through the cylindrical grains to permit burning 
from the inside out as well as from the outside in. They 
left no residue, were nearly smokeless and flashleéss, 
gave a high muzzle velocity, were non-corrosive and 
stable toward high barrel temperatures and changes in 
humidity. With the addition of stabilizers such as 
diphenylamine and flash reducers such as potassium 
chloride they came close to meeting the ideal of a 
propellant powder. 

Topic 3 covered explosives derived from the cyclic 
hydrocarbons. Since these are largely classed as high 
explosives or bursting charges the ideal qualifications 
for such an explosive were first considered. It should 
have high brissance, 7. ¢., it should explode rapidly in 
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contrast witha propellant; it should yield a large volume 
of gas, should contain sufficient oxygen for complete 
combustion, should be capable of withstanding the 
shock of the propellant explosion but nevertheless 
should be easily and completely discharged by detona- 
tion at the proper time. It should be non-corrosive and 
stable toward storage for long periods of time, toward 
handling, melting, pouring, cutting, toward high barrel 
temperatures and changes in humidity. 

General methods of preparing the nitroaromatic 
compounds were then considered with brief mention of 
the several nitrobenzenes. 

Of any substance yet tried trinitrotoluene comes the 
closest to the ideal of a high explosive for all-around 
use. Its extensive use in World War I and its continued 
extensive use in World War II is ample evidence of that. 
It is a surprisingly stable compound capable of being 
pierced with a rifle bullet, melted, transported, poured, 
sawed, and drilled without exploding. On the other 
hand, it can be completely and easily detonated by use 
of the proper detonator charge. It has high brissance, 
is little affected by moisture, and is non-corrosive. 
However, it is deficient in oxygen, yielding some black 
smoke on exploding. Its fundamental use is as a burst- 
ing charge, usually mixed with ammonium nitrate. It 
was introduced as a military explosive by Germany in 
1904, but saw its first important and sustained use in 
World War I. 

One of the greatest obstacles to the wider use of TNT 
in World War I was lack of toluene. This is no longer 
an obstacle, since toluene can now be synthesized from 
petroleum fractions. 

The process of manufacture, the physiological effects 
on workers in TNT plants, and available production 
figures were considered briefly. 

Nitronaphthalene and nitroxylene were mentioned 
in passing. 

The second important bursting charge of the aroma- 
tic class is picric acid, together with some of its salts. 
Although picric acid has a greater-shattering effect than 
any commonly used high explosive its use is limited by 
its corrosive effect on metals and the high sensitivity 
to shock of some of the picrate salts thus formed. It 
is, however, a very stable compound when pure, re- 
quiring high detonation to explode it. A vivid account 
of its combustibility is given by Munroe? in his descrip- 
tion of a fire in storage sheds at Sparta, Wisconsin. 
Ammonium picrate is often used mixed with picric acid 
as the well-known Explosive D. The French, in particu- 
lar, made great use of picric acid explosives in World 
War I. The methods of manufacture and its proper- 
ties were considered briefly. 

One of the newer explosives in the aromatic field is 
tetryl (tetranitroaniline). It is more sensitive than 
TNT or picric acid and finds its chief use as a booster 
charge. Because of high cost and because it deterio- 
rates somewhat on standing, it is used only for military 
purposes. 


2 MUNROE, “‘Burning of 200,000 pounds of picric acid at Sparta, 
Wisconsin,” Ind. Eng. Chem., 14, 552 (1922). 
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Hexyl (hexanitrodiphenylamine) is less sensitive than 
tetryl but more sensitive than TNT or picric acid. It 
also finds its principal use as a booster. The structures 
of both of these compounds together with their proper- 
ties were considered briefly. 

Topic 4 included detonators or primary explosives as 
well as the classification of explosives. The two deto- 
nators considered were fulminate of mercury and lead 
azide. In the falling-weight test, the fulminate is 
about sixty times as sensitive as TNT. The trend to- 
day seems to be toward the use of more of the lead azide 
and toward the use of smaller detonator charges and 
larger booster charges. 

Methods of preparing the fulminate and the lead 
azide, together with safe methods of handling and 
storage were considered. Other detonating and primer 
charges which were described were nitrogen triiodide, 
mixtures of potassium chlorate and sulfur, and potas- 
sium chlorate and antimony sulfide. 

Explosives can be classified somewhat arbitrarily 
into three major groups: the low explosives or propel- 
lants, the high explosives, and the primary explosives. 


I. Propellants, sometimes called low explosives, are actually 
self-combustibles. They burn, producing great pressures 
with non-shattering effects. Included among them are: 
black powder, smokeless powder, ballistite, cordite, and 
other modifications. Ammonpulver (a mixture of ammon- 
ium nitrate and carbon) has been used asa propellant. 

II. High explosives have great brissance, are reasonably stable 
toward shock or flame, and are exploded only by detona- 
tion. 

This group can be subdivided into boosters and bursting 
charges, the boosters being the more sensitive to shock. 
There is, However, considerable overlapping of the two 
groups. 

1. Boosters include nitrostarch, nitromannite, nitrated 
sugars, tetryl, and hexyl. 

2. Bursting charges include TNT, guncotton, DNT 
(dinitrotoluene), explosive D, picric acid, penthrite, 
and ammonium nitrate. 

III. Primary explosives include detonators and primers. The 
former explode on shock as do the latter, but the primers 
produce a flash of fire which serves to ignite a larger charge. 
1. Detonators include fulminate of mercury and lead 

azide. 

2. Primers include mixtures of potassium chlorate with 
sulfur or antimony sulfide. 


To fire a high explosive projectile properly requires 
two operations—propelling and bursting. In the pro- 
pelling operation a detonator sets off a primer; this in 
turn fires an igniter consisting usually of a charge of 
black powder. The igniter, in turn, fires the charge of 
smokeless powder. 

For setting off the bursting charge a fuse is used. 
This consists of a device containing a detonator and 
primer together with a train of black powder, the 
length of which can be regulated. The train, when it 
has burned to the end, sets off a second detonator 
which in turn explodes a booster charge. This ex- 
plosion ensures the complete detonation of the bursting 
charge. 

Topic 5 may seem to have little immediate relation- 
ship to war but the synthesis of ammonia must be re- 
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garded as one of the most important processes ever 
developed for either peace or war. 

After a brief mention of the discovery of nitrogen and 
ammonia, there followed a reconsideration of the im- 
portant properties of nitrogen, and a discussion of the 
dire prediction of Sir William Crookes, made in the last 
century, that the world faced eventual starvation with- 
out nitrates. Then the earlier attempts to produce fixed 
nitrogen were considered. As a prelude to the success- 
ful Haber-Bosch process, the work of Le Chatelier and 
the principles involved were considered. 

It is generally conceded today that Germany would 
have lost World War I within the first year had she not 
captured sufficient Chilean nitrate in Belgium to tide 
her over until her Haber plants could come into full 
operation. In any discussion of the history of wars, the 
significance of the perfection of this process and the 
onset of World War I cannot be overlooked. 

Figures on world production of synthetic ammonia 
were considered as far as they were available. 

Ammonium nitrate has been used without casualty 
by thousands of college freshmen and _ high-school 
seniors for making nitrous oxide. Yet, this same com- 
pound under the proper conditions is one of the best 
of our modern high explosives. During World War I 
it was mixed with TNT to give the explosive, amatol. 
This contained upward of 20% ammonium nitrate. 
The trend today is toward much higher proportions of 
ammonium nitrate—up to 80%—and toward the use 
of ammonium nitrate in other mixtures containing such 
materials as wood, flour, carbon, aluminum, etc. 

Topic 6, covering smokes and incendiaries, con- 
sidered first some of the physical principles related to 
the movement of smoke particles and gas clouds. 
These principles included the rate of rise, lateral spread, 
drag, effect of convection currents, effect of ground and 
air temperatures, optimum particle size, Brownian 
movement, color and visibility, total screening effect, 
humidity, reaction with air and moisture, and wind 
velocity. 

The following table indicates favorable and un- 
favorable conditions for both smoke and gas clouds. 


FAVORABLE UNFAVORABLE 
CONDITIONS CONDITIONS 
SEU oi cicccecuwenss Heavily overcast Clear 
BYE cern sis sioe en cia Night or early morning 11 a.m. to 4 P.M. 
BOC.) ee Level fields or water Broken or wooded 
Ground temperature Colder than air Warmer than air 
Wind velocity...... Steady Variable 
5-8 m.p.h. for smoke 12 m.p.h. for 
0-4 m.p.h. for gas smoke 
9 m.p.h. for gas 
White smoke is particularly effective. An effi- 


cient smoke-producer like phosphorus forms its smoke 
largely out of the air with which it combines. One 
pound of phosphorus reacts with oxygen and moisture 
to produce 3.16 pounds of phosphoric acid smoke. In 
general, phosphorus is the most effective screening 
agent, but its use is limited by its cost, its sensitivity to 
spontaneous combustion, and the difficulty of producing 
the smoke with great rapidity. 
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Screening agents considered were: titanium tetra- 
chloride (FM), sulfur trioxide and chlorsulfonic acid 
(FS), HC mixture (a mixture of hexachlorethane and 
powdered zinc), and white phosphorus (WP). 

A brief history of early incendiaries included the use 
of Greek fire, burning pitch and sulfur, flaming arrows, 
red-hot cannon balls, and war rockets (1807 to 1813). 

With the advent of World War I the use of incendi- 
aries had almost disappeared. White phosphorus used 
both as a screen and incendiary hand bomb found some 
use but produced no important results. The advent 
of the airplane as an important weapon of war has 
brought the incendiary weapon back into war with a 
vengeance. 

It is claimed that the electron bomb (the thermit 
magnesium-cased bomb) had been developed by the 
Germans before the close of World War I, but was not 
used for fear that peace terms would be harsher. It 
is undoubtedly one of the most important new weapons 
introduced into World War II. Yet it has not accom- 
plished what some German experts apparently hoped 
that it would. This bomb was considered in some de- 
tail, together with methods of protection and extin- 
guishing magnesium fires. 

The British ‘‘calling cards” used early in World War 
II were sheets of guncotton soaked in a solution of 
phosphorus in carbon disulfide They were dropped 
wet, and when they dried, the finely divided phos- 
phorus took fire and fired the guncotton. 

Other incendiary weapons discussed briefly included 
incendiary pencils, the ‘Molotov cocktail,” and the 
““‘breadbasket.” 

The next two topics were concerned with the so- 
called poison gases. The first of these two lectures 
was largely historical in nature, covering early uses of 
stink bombs, suffocating fumes, the proposal to use 
sulfur dioxide in the Crimean War, the first cloud-gas 
attack in World War I, and the later developments in 
the use of gases in that war. 

The second lecture dealt with the classification of 
gases from tactical and physiological points of view, 
protection against gases, possible new tactical methods 
of using gases, and new gases, together with reasons 
why gas has, as yet, found no significant use in World 
War II. Because so much has been written and said 
on this subject already, further details are unnecessary 
here. 

Topic 9 was devoted to our chemical resources. The 
first part of the lecture was devoted to the historical 
development of German and American chemical in- 
dustry and the effect of World War I on both. Charts 
and statistics were used to show the rapid growth of the 
American chemical industry as well as the comparative 
growth in other countries. The most striking fact 
which comes out of such studies is that both the 
United States and Russia have jumped into leading 
positions in science. 

In the second part of the lecture, the most recent re- 
ports from Chemical and Engineering News were used 
to indicate which materials were of a critically essential 
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nature, which were necessary but not so critically 
limited, and which were available in slightly larger 
quantities for use as substitutes. 

It is very illuminating to compare, for example, the 
two reports appearing in the March 25 issue and the 
July 25 issue and to note the number of materials which 
have moved from the more to the less abundant cate- 
gories. In fact, the only metals left in the unrestricted 
group by the report of July 25 were gold, indium, 
osmium, and silver. . 

Reasons were pointed out for the placing of a number 
of metals and chemicals in the critical group. Sources 
of some of the more critical ones, their use in war, and 
other possible sources and methods of preparation were 
considered. Among the metals discussed were alumi- 
num, magnesium, chromium, tungsten, manganese, 
tin, nickel, and steel. 

The last topic covered the two most strategic ma- 
terials of this war—gasoline and rubber. 

Statistics on world production of petroleum for 1941 
were presented. At that time the United States, 
Great Britain, and Russia controlled 94% of the world’s 
output. The importance of Russia’s petroleum, con- 
stituting nearly 11% of the world’s output, was dis- 
cussed. 

Germany’s sources from petroleum, synthetic proc- 
esses, and substitutes, were considered as well as her 
probable needs. Substitutes used in Europe include 
high- and low-pressure gas, benzene, shale oil, alcohol, 
wood and coal gas, garbage gas, and electrical propul- 
sion. 

There followed a discussion of the preparation of 
high-octane aviation fuel, its significance in the war, and 
general methods of preparation. Statistics on rubber 
production were then presented, followed by a brief 
history of synthetic substitutes. A number of these 
including buna-S, buna-N, thiokol, and butyl rubber, 
were described, as well as their general methods of 
manufacture. 

Since the great struggle between the proponents of 
alcohol on the one hand and petroleum on the other, as 
the basis for making buna rubbers, was raging at the 
time, some space was devoted to the apparent relative 
merits of the two. 

At each lecture, an attempt was made to have either 
experimental demonstrations or illustrative displays. 
For example, the properties of picric acid and am- 
monium nitrate under varying conditions can be demon- 
strated. Sniff sets, gas masks, and gas warden’s 
equipment enliven the lectures on gases. The screen- 
ing and incendiary properties of phosphorus are easily 
demonstrated, as is the thermit reaction and the com- 
bustible nature of magnesium. Cotton can be nitrated 
or some guncotton used to demonstrate its properties. 
Ammonia can be oxidized to nitric oxide with a plati- 
num catalyst. Charts and board displays of statistical 
material help to put across important information. 
Samples of various synthetic elastomers are of con- 
siderable interest. 

Perhaps the best indication of the success of the 
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course is that it attracted a considerable number of 
outsiders, both students and faculty. One faculty 
member, a professor of fine arts whose particular in- 
terest is architecture, came for the first few lectures on 
explosives because of his interest in their effect on 
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buildings. He never had a course in chemistry, but he 
remained through the last lecture. 

The success of this initial venture warrants a repe- 
tition in an improved form, and it is expected that the 
series of lectures will be repeated from time to time as 
long as there is a need for such material. 
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Industrial Applications of Wetting Agents 


CLYDE A. SLUHAN 


American Cyanamid and Chemical Corporation, New York, New York 


INKING ducks startle us from headlines describing 
wetting agents. These immensely useful syn- 
thetics perform a growing number of tasks in industry 
less picturesque than these headline items but far more 
valuable and important to you and to me. Their 
functions are involved in what happens at and in sur- 
faces, and are based on changing and controlling sur- 
face forces. 

Oil and water, for example, do not mix because they 
are mutually insoluble. No parts of the molecules of 
either are soluble or similar to those of the other. How- 
ever, if there be introduced into either a substance 
whose molecule is made up of two parts, one attracted 
to and soluble in each, the situation is entirely changed. 
Such a substance tends to collect at the interface 
between the oil and the water, and its molecules orient 
themselves with their water soluble ends toward the 
water and their oil soluble ends toward the oil. Ifa 
sufficient quantity of such two-ended, amphibious 
molecules are present to form a continuous layer be- 
tween the two, the character of the interface is com- 
pletely changed and mixing, or rather emulsification, 
occurs quite readily. It is as if the surfaces of the two 
substances were provided with a zipper. 

What is true of oil and water applies quite as well 
to other pairs of substances. While mixing is not the 
thing desired in all cases, the effect of a wetting agent 
is so to alter the interfacial characteristics of two sub- 
stances that contact between them is improved. Wet- 
ting agents, for example, increase spreading power and 
penetration of surface coatings; they aid penetration 
and improve leveling of colors produced by dye solu- 
tions; they aid contact, and hence better adhesion of 
cements and glues; they regulate the characteristics 
of precipitates; they accelerate reactions between two 
phases or two immiscible liquids. All of these actions 
result from the more intimate contact produced by 
wetting agents between two materials separated by an 
interface. 

The effectiveness of a wetting agent depends, as we 
have noted, upon the zipper effect of the dual nature 
of its molecules. The molecules of common soaps 
possess this dual nature, since their sodium ions are 
water seeking (hydrophilic) and the alkyl groups of the 
fatty acid is water repellent (hydrophobic) and oil 
soluble. Thus soaps are important and valuable wet- 
ting agents. But they are by no means universal in 
their application. One of the principal drawbacks to 
the use of soap for such purposes is its sensitivity to 
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acidity and to ions of metals other than sodium and 
potassium in the solution in which they are used. 
Calcium and magnesium, which commonly occur in 
natural waters, readily form precipitates with common 
soaps and thus remove them from action. Even 
sodium chloride dissolved in water reduces the solu- 
bility of common soaps to an extent that interferes 
with their action. Furthermore, since wetting agents 
are added substances (hence, impurities, even though 
useful ones) wherever they are used, the smaller the 
quantity required, the better. 

Many types of compounds possess value as wetting 
agents, but the most powerful series having the widest 
range of applications are the sodium salts of dialkyl es- 
ters of sulfosuccinic acid, marketed under the trade- 
mark ‘‘Aerosol.”’ Of this family, the dioctyl ester is 
the most powerful wetting agent now marketed. Con- 
sideration of its molecular structure suggests reasons 


for its value. Here it is: 
CH; CH; 
Ee 
bux, CHe 
a= 
H,C—H,C—O-H u—¢—CH,—CH, 
i oe 
b | 
o—t—cu,—cu—t—o 
o—$+0 
b 
Na 


This valuable compound possesses two strongly 
hydrophobic, oil-soluble groups in the two octyl radicals 
at the top of the structural formula. The two octyl 
groups give the molecule a relatively large hydro- 
phobic area and thus fewer molecules are required to 
cover any surface completely. The lower end of the 
molecule with its sulfonic acid radical is strongly hydro- 
philic. The forces involved in orienting these mole- 
cules at interfaces are extremely strong and con- 
sequently the effect of their action is also great. 

The vital properties of wetting agents are their 
effects on interfacial and surface tensions of solutions 
containing them. Thus the behavior of wetting agents 
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in media of various kinds is the important considera- 
tion. Their activity and potency must not be ma- 
terially diminished by acids, alkalies, or salts present 
in the medium. Their solubilities must be unaffected 
(within the limits of concentration required) by any 
of the substances likely to be present. They must 
also be soluble in both organic solvents (non-polar 
liquids) and aqueous media. 

All of these essential criteria are fully met by Aerosol 
OT and by other members of the Aerosol family to an 
only slightly lesser degree. 

The number and variety of applications of wetting 
agents are constantly increasing as new uses are ex- 
plored. In almost every industry operations are made 
easier, faster, or more complete by the intervention of 
a wetting agent. Many of these are quite obvious, 
like the leveling of the dyeing of a fabric by the addi- 
tion of a wetting agent to the dye bath, and many dif- 
ferent types of compounds can be successfully employed 
for these purposes. However, many other less obvious 
services of wetting agents can be performed by only 
the most potent members of the class. Some of these 
are covered by various patents and this fact must be 
considered in relation to what follows. 

Various operations in the rubber industry are sig- 
nificantly affected by Aerosol OT in relatively tiny 
amounts. Solutions of crude rubber in mineral spirits 
are more quickly formed and the quantity of rubber 
dissolved is increased by the addition of one-half to 
one per cent of this wetting agent to the mixture, the 
quantity being calculated on the weight of the rubber. 
Additions of similar amounts to chlorinated rubber 
solutions, used as protective coatings, reduces viscosity 
and makes the product easier to apply. The modern 
technic of compounding rubber in the form of liquid 
latex is improved if the dispersion of the various 
powdered ingredients (sulfur, pigments, accelerators, 
and the like) is assisted by the wetting agent. Further- 
more, varnishing of rubber footwear is improved by 
adding wetting agent to the varnish to prevent con- 
densation of moisture in water spots on the film on 
humid days. In each of these applications, the im- 
portant point is that more intimate contact between 
materials of different characteristics is secured. 

Industries based on manufacture and use of paper 
find Aerosol. OT extremely valuable in diverse ap- 
plications. Cleaning and conditioning paper-making 

felts, pasting and gluing operations, the wetting-out 
and disintegration of ‘‘broke’” in the reuse of waste 
paper, the dyeing of paper, increasing the absorbency 
of paper towels, and the manufacture of transparent 
papers—each of these important operations is facili- 
tated by added wetting agent. 

In metal working industries many valuable appli- 
cations of wetting agents speed production. Pickling 
and electroplating baths are more efficient if tiny 
amounts (one- or two-tenths of a per cent) of Aerosol 
OT are added. Here conditions of acidity and dis- 
solved salts require that only a wetting agent un- 
affected by either be used. Cleaning of finished 
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metal parts with either aqueous or organic liquids is 
similarly improved. Even in the preparation of molds 
and cores for foundry use, wetting agents are useful in 
assisting the binding of sand and clay into the desired 
shapes. 

Characteristics of pigments can often be modified 
favorably by adding Aerosol OT to the precipitating 
bath, and the ease of dispersion of pigment in ink or 
paint vehicles is increased similarly. One effect of 
importance is a reduction in tendency of the pigment- 
vehicle mixture to stiffen on standing. In such ap- 
plications the wetting agent must have no effect on the 
subsequent properties of the product, drying, water 
resistance, etc. 

Lubricating oils and greases, particularly those 
having emulsifying properties, are also improved by 
added wetting agent. 

Effectiveness of dry-cleaning solvents, glass cleaners, 
and leather finishes and dressings can be materially 
heightened by wetting agents. Flameproofing and 
mothproofing treatments are similarly improved and 
fire extinguishers are made more effective by the ad- 
dition of Aerosol OT to their fluid content. 

Such diverse operations as flotation of minerals in 





Glass stoppers are easily removed from bottles when a few 
drops of Aerosol are released from a buret around the edges of 


the stopper. The Aerosol quickly penetrates between stopper 
and neck of bottle, and breaks the friction that causes sticking. 
Care should be taken to remove the Aerosol from the stopper, to 
keep it from coming into contact with the contents of the bottle. 
This is one of the many novel applications of the unusually ef- 
fective Aerosol Wetting Agents. 
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ore dressing and the cleaning of fruit and vegetables to 
remove soil and spray residues prior to canning profit 
by the increased contact obtained with Aerosol OT 
and its related compounds. 

Obviously this list of applications could be extended 
far beyond the scope of this paper. Many of the 
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subjects that could be covered are of the greatest 
practical importance, all based on control and modifica- 
tion of surface forces between two substances of differ- 
ing characteristics. Clearly wetting agents are among 
the most broadly useful developments of chemical 
industry. 





A Student Experiment and Lecture Demonstration 
Mixture Versus Compound 


ALLEN SCATTERGOOD 


Union Junior College, Cranford, New Jersey 


HE DIRECT combination of iron and sulfur, a 

standard experiment used to illustrate the differ- 
ence between compounds and mixtures, is open to 
many criticisms. It is difficult to show that iron is a 
substance, since its melting point cannot be determined 
with the usual laboratory equipment. It is impossible 
to show that iron sulfide is a substance, because there is 
no method of purifying it, and at best it is a dubious 
substance whose composition may depend upon the 
conditions of formation. Magnetic separation of a 
mixture is not a general method. The use of carbon 
disulfide for the separation is dangerous; for beginners 
in chemistry it is inexcusable. Used as a lecture 
demonstration, there are no striking color changes, and 
the product does not look very different from one of the 
reactants. Definite composition cannot be demon- 
strated without quantitative methods which liberate 
sulfur dioxide in the lecture room. 

The direct combination of antimony and iodine in an 
inert solvent provides a more convincing lecture 
demonstration and student experiment. 

Iodine is exhibited. It is shown that iodine is soluble 
in an organic solvent such as tetrachloroethane, recom- 
mended because of its high boiling point, or carbon 
tetrachloride, which is less satisfactory because it in- 
creases the time of reaction. It may also be shown 
that iodine can be recrystallized from the solvent and 
is therefore to be regarded as a pure substance. It 
should be demonstrated that no change takes place 
when a solution of iodine in the solvent is heated. 

Antimony metal is then exhibited in both the powdered 
and crystalline forms. A piece of antimony may be 
melted in a crucible to show that it has a definite melt- 
ing point; that it will solidify to the original antimony 
and is therefore a substance. It is also shown that 
antimony powder is insoluble in the solvent. 

Iodine is then ground with an excess of powdered 


antimony. The mixture is examined, stressing the 
fact that sufficient grinding will make it appear homo- 
geneous. The mixture is then separated by pouring 
a few milliliters of the solvent into the mortar, mixing, 
and then transferring to a filter paper. The residue of 
antimony is washed with small amounts of the solvent 
until substantially free from iodine. The recovered 
antimony may be roughly dried on filter paper. Then 
it is pointed out that iodine crystals may be recovered 
from the solution by evaporation of the solvent, actually 
demonstrated in case carbon tetrachloride is used. 

Following this, the antimony is scraped from the 
paper and returned to the iodine solution. The mix- 
ture is heated until the iodine color disappears, leaving 
a yellow liquid which contains suspended antimony. 
If desirable at this point, iodine solution may be run in 
from a buret to show that the antimony requires a 
fixed amount of iodine; however, this is time-consum- 
ing and may involve large volumes. 

When all the iodine has reacted, the hot solution is 
filtered or decanted into a clean container. In a few 
minutes, bright red crystals of antimony triiodide 
appear. The difference in appearance from either of 
the starting substances is striking. It may then be 
pointed out that this also is a substance because it can 
be purified by recrystallization. The crystal suspen- 
sion is warmed until a clear yellow solution results. 
Upon cooling, red crystals of the triiodide again appear. 
The product may be removed by filtration at room 
temperature. It may also be stated at this time that 
the product has a definite melting point, different from 
the melting points of either of the starting substances. 

The advantages of this over the iron-sulfur experi- 
ment are obvious. The fireproof solvent is important 
from the safety viewpoint; but it should be remem- 
bered that the vapors, although non-flammable, are 
injurious if inhaled in large amounts. 

















The Photochemical Reaction of Hydrogen and 


Chlorine: A Lecture Demonstration 


CARL M. FURGASON'! and JOHN W. MOORE! 


University of Texas, Austin, Texas 


OST PHOTOCHEMICAL reactions proposed as 
lecture demonstrations have the disadvantages 
(a) that the reaction must be followed by analytical 
procedures such as titrations, as in the photobromina- 
tion of cinnamic acid or (b) that a light source of ex- 
tremely high intensity, such as quartz capillary mer- 
cury vapor lamp, may be required, as in the photolysis 
of uranyl oxalate. 

The effect of light on the reaction of hydrogen with 
chlorine has been studied for more than a century, the 
explosion resulting from the exposure of a mixture of 
these gases to sunlight having been used at times as a 
lecture experiment. The hydrogen-chlorine reaction 
may also be used as lecture demonstration to illustrate 
the effect of light of various frequencies and intensities on 
chemical changes. The light source may be a large 
projection lamp, a photoflood lamp, or a high inten- 
sity ribbon filament lamp (used in photomicrography). 
The reaction may be followed by observing the change 
in the volume or pressure of the gas in the reaction 

chamber. , 

A mixture of chlorine and hydrogen is placed over 
water in a test tube (see A in diagram). When the 
tube is exposed to light, the reaction 

Ho(g) + Cle(g) > 2HCI(g) —- 2HCI (dissolved) 


takes place. As the hydrogen chloride dissolves in the 
water, the volume of the gas space in A is decreased, 
causing water to enter from tube B and thereby de- 
creasing the pressure in B. 

A projection manometer? (J) is connected to tube 
B. The change in pressure is shown manometrically 
on a screen and may be observed readily by a large 
class. 

Nernst* has proposed the following mechanism for 
the reaction: 

Cl, + hy —Cl* + Cl* (chain-starting step) 
Cl* + H, ~ HCl + H* 
H* + Cl,—> HCl + Cl* 


When the cell is first exposed to light, there is an 
induction period during which certain impurities, such 
as ammonia, undergo reaction and the newly formed 
hydrogen chloride molecules condense into a fog of 
hydrochloric acid which is slowly dissolved in the con- 
fining water. When the light source is returned after 
an interruption, there is an observed increase in volume, 
due to heating of the gas. After a few seconds, the 


\ (chain steps) 





1 Present address: Tennessee Valley Authority, Wilson Dam, 
Alabama. 





volume decreases because of reaction and continues to 
decrease until the light source is removed or one of the 
reagents is used up. When the light source is re- 
moved, there is a sudden decrease due to cooling of the 
gas, followed by a very slow decrease in volume due to 
the completion of solution of hydfogen chloride mole- 
cules. 

The more intense the light source, the greater will 
be the number of photons absorbed per second, and 
the greater the observed rate of reaction. It will 
also be noted that the temporary increase in volume 
at the beginning of each exposure of the cell to light is 
greater when using a more intense light source. 

The energy required for breaking the Cl—Cl bond 
is 57.8 kilocalories,* corresponding to light having a 
wave length of about 4944A. Accordingly, light of 
longer wave length should not initiate the reaction 
chain. This may be demonstrated by placing a piece 
of red glass or red cellophane over the source of light; 
the reaction will decrease markedly or cease entirely, 
depending upon the transmission characteristics of 
the red filter used. On the other hand, a piece of blue 
glass or blue cellophane may be placed over the light 
source without appreciably decreasing the rate of 
reaction. 

2 MOORE AND FurGASON, “Simple projection manometer for 
lecture demonstrations,” J. CHEM. Epuc., 19, 513 (1942). 

3 NERNST, ‘Zur Anwendung des Einsteinschen photochemis- 
chen Aquivalentgesetzes. I,” Z. Elektrochem., 24, 335-6 (1918). 


4 PAULING, “‘Nature of the chemical bond,” Cornell University 
Press, Ithaca, New York, 1940, p. 49. 
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Because of its high energy, ultra-violet light will 
accelerate the reaction markedly. (Caution: the 
ultra-violet light source should not be held too near the 
tube, nor should the light be of too high an intensity.) 


PREPARATION 


Chlorine is quite soluble in water. To avoid false 
effects produced by the solution of chlorine during the 
experiment, the liquid used in tubes A and B should be 
saturated with chlorine. 

Oxygen inhibits the reaction. Therefore tube A 
should be filled with chlorine and hydrogen in such a 
manner that no air is admitted. This may con- 
veniently be done by filling tube A and the tubing 
leading to it with saturated chlorine water. Tube C 
is then connected under water to the delivery tube of a 
chlorine generator or to a tank of chlorine. Chlorine 
is allowed to flow into the tube to an extent of about 
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one-third its volume. The tube C is then connected 
(again under water) to the delivery tube of a hydrogen 
generator or to a tank of hydrogen. The tube is now 
almost filled with gas; a layer of saturated chlorine 
water about one cm. deep is left in tube A. 

Mixtures of chlorine and hydrogen explode instantly 
on being exposed to direct sunlight or to any other 
extremely intense source of blue or ultra-violet light. 
While the pyrex glass tube A will filter out all incident 
light of wave length less than 3200 A., care should be 
exercised to avoid exposure to sunlight. For this 
reason tubes A and B are enclosed in a pasteboard or 
wooden box (F). 
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Out of the Editors Basket 


@ Several months ago we mentioned in this column the 
fact that the Detroit Section of the A. C. S. had or- 
ganized a series of ‘‘refresher courses’ by which chem- 
ists of that region might bring themselves up to date 
in the fields of physical, organic, inorganic, and physio- 
logical chemistry. R.S. Shane and J. Russell Bright, 
in a paper given at the Buffalo meeting, described the 
success of this venture. Seventy people took the 
courses, more than half of whom had bachelors’ de- 
grees, one-third still higher degrees. Their median 
age was 35 years, three-quarters of them being women. 
The reasons which the participants gave for taking the 
courses were for general review, for self-advancement 
and to learn of new developments; 84 per cent of them 
felt they had attained their objectives. The courses 
were of college grade, given by instructors drawn from 
local educational institutions and industries. Lectures 
were given in two-hour sessions once a week for ten 
weeks. As a result of experience gained during the 
first session, a 30% increase in enrolment is expected 
when the courses are repeated during the present year. 
The plan was for five survey courses during the fall 
term, in analytical, inorganic physical, organic, and 
physiological, to be followed in the winter term by 
courses dealing with the applications to more advanced 
work, particularly of industrial character. 


@ The November number of The Hormone, published 
by the Chemists Club of Holy Cross College, contained 
an encouraging editorial on the recent agreement be- 


tween the JouRNAL and the New England Association 
of Chemistry Teachers. We hope that the comment in 
all circles will continue to be as favorable. 


@ We hope your attention has already been drawn to 
Occupational Bulletin No. 23, from Selective Service 
Headquarters. It calls attention to the critical charac- 
ter of educational services and marks for military de- 
ferment all full-time teachers of chemistry (and a num- 
ber of other subjects) in the whole educational system 
from elementary to professional school. 


e@ Let us remind you again of the search that is being 
made for rare instruments. If your laboratory has 
such things as a Coleman spectrometer, a grating or 
quartz spectrograph, an optimeter, or a refractometer, 
and is willing to lend it for war service, communicate 
with D. H. Killeffer, 60 East 42nd St., New York City. 


e@ Among the various interesting substitute materials 
recently developed is one which may relieve the over- 
worked hen. It is said that a satisfactory egg sub- 
stitute for use on pastry can be prepared by boiling 
agar-agar in water and, after cooling, adding a froth- 
producer made of one part saponin and eight parts each 
of glycerol and water. 


e@ We understand that Dutch investigations (covered, 
in fact, by Dutch patents of several years’ standing) 
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indicated that cellophane and glycerol were both mod- 
erately good protections against mustard gas. It is 
said that in some countries cellophane has already been 
recommended for protection of the civilian population. 
Very recently, in an article in the Drug and Cosmetic 
Industry (March, 1942), it was pointed out that ‘‘a film 
of glycerine on the skin will offer protection from mus- 
tard gas action for about two hours. Since glycerine is 
easily removed by moisture or readily rubbed off, it 
was suggested that a cream or gel based upon glycerine 
and an oil-repellent gum such as tragacanth or Karaya 
should give a certain amount of protection. It was 
also noted that this protection might be increased by 
the inclusion of oil-repellent solid materials such as 
various starches, to provide a mechanical barrier.” 


@ We note and commend the continuation and de- 
velopment of the abstract service, ‘‘Rubber—Resins— 
Plastics” to which we referred in this column some time 
ago. While few of our readers are likely to use this ma- 
terial technically, the form of the service offers inter- 
esting possibilities. 


e Argentina steps forth as a potential source of some 
of the critical chemicals which we need. Among these 
are: beryllium, used as fatigue-resistant alloys; ace- 
tone, an extremely important solvent; wood distilla- 
tion products, which can be converted to formalde- 
hyde, a definite shortage in this country; and asbes- 
tos, needed very badly. 


e@ The shortage of cylinders for chlorine, ammonia, 
carbon dioxide, and other compressed gases is said to 
be getting worse and worse, and in order to prevent 
drastic restrictions in the distribution of these materials 
all users and transportation companies must codéperate 
in returning containers to the producers. No new cylin- 
ders are likely to be obtained and the number being 
diverted from civilian to war use is increasing. 


@ The Safety Research Institute reports that almost 
the entire output of approved fire extinguishers is 
being taken by the Army, the Navy, and manufac- 
turers with top priorities, so that other users are finding 
it impossible to obtain new ones. “Soda acid extin- 
guishers have not been in production since the first of 
the year, nor have copper pump tanks, gas cartridge 
extinguishers of water and antifreeze types, and ex- 
tinguishers of any type with seamless drawn shells. 
Foam extinguishers are being made only in limited 
quantity and it takes a high priority to obtain them. 
Carbon dioxide extinguishers also are going only to 
those with ratings approaching the ‘triple A’. Even the 
vaporizing liquid extinguishers, of which there are 
more in service than all other types put together, are 
difficult to obtain and one manufacturer is not promis- 
ing deliveries to anyone with less than an A-1-J rating. 
But recharging materials and replacement parts still 
can be purchased without difficulty, and as long as this 
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condition persists, existing equipment can be readily 


kept in service. With proper servicing approved 
equipment will last indefinitely.’ 

If you are faced with this problem obtain a bulletin 
from the Institute, 420 Lexington Ave., New York 
City. 


e@ The eleventh edition of the Nutritional Charts 


reached our desk recently. This booklet, published by 
the research department of the H. J. Heinz Company, 
Pittsburgh, Pennsylvania, is an excellent collection of 
fundamental and practical information on the subject of 
nutrition. Among the tabulated and collected data 
are such items as; quantitative nutrient requirements; 
nutritional characteristics of various food classes; 
clinical criteria of deficiency diseases; vitamin data— 
chemical composition, biological properties, and natural 
distribution; mineral nutrients—deficiency symptoms 
and natural distribution; composition of various foods; 
relation of manufacturing processes to nutritive proper- 
ties; food allergies; toxicological aspects of diet; and a 
good summary of scientific facts regarding food fads. 


@ The New York State Science Teachers Association 
has recently issued a proposed Syllabus in Chemistry, 
which ‘‘is to be regarded as a preliminary step toward a 
more adequate direction of chemistry teaching in New 
York State.” It attempts to stress understanding and 
to relegate mere memorization to its rightful place in a 
factual background. We cannot help feeling that an 
outline like this will best serve its purpose if the aver- 
age teacher will take it as a suggestion, rather than a 
requirement. We were very gratified to note the last 
paragraph of its introduction: 

“Chemistry is a laboratory science. We can learn 
only by doing. No student can develop a real apprecia- 
tion of chemistry unless he has personally experi- 
mented.” 


@ The Consumers Union (17 Union Square, New York 
City) is issuing a series of Consumer Class Plans which, 
although not limited to chemical or scientific studies, 
may be of interest to chemistry teachers who want to 
make their classes “‘consumer minded.” 


@ The Occupational Index, published quarterly at New 
York University, announces that it will henceforth an- 
notate, index, and evaluate all new publications on 
military occupations, including the attractions, dis- 
advantages, opportunities, and requirements of all the 
many branches of military service. 


@ The October American Biology Teacher elaborated 
the theme of consumer education in biology instruc- 
tion. George W. Hunter of Claremont College, Clare- 
mont, California, urges that consumer topics be added 
to the biology course of study, but emphasizes the 
need for a scientific approach to the consumer aspects of 
biology teaching. W. W. Fulcher of Murphy High 


Ad 


School, Mobile, Alabama, suggests studying plants use- 
ful for fibers or food, studying the preservation of food, 
and studying medicinal products intended for man or 
beast. This theme is extended to the field of physiology 
and hygiene by Carl E. Williams of Argo Community 
High School, Argo, Illinois, where the emphasis in 
biology has been consumerward for the last thirteen 
years. In Colby Junior College, New London, New 
Hampshire, Guy F. Williams uses the consumer ap- 
proach to biology. In the unit “Beverages, Drugs, and 
Stimulants,” for example, tea is studied not only as a 
plant, but also as an article of commerce. The biology 
class uses the committee method and investigates each 
topic from all resources available on the campus, in- 
cluding natural sources. 

The consumer aspects of both biology and chemistry 
cover many of the same topics, each viewed from a dif- 
ferent angle. 


e@ Lawrence S. Foster of Brown University offers the 
following contribution prompted by “two rather un- 
comfortable but fortunately not serious accidents, in 
which student assistants dropped bottles of concen- 
trated sulfuric acid and sat down in the resulting slip- 
pery pool.”” To prevent this sort of thing in the future, 
a small carrying rack was designed which holds two 
five-pint acid bottles as shown in the illustration. With 
one in each hand for balance, even the most awkward 
assistant can manage four bottles with little possi- 
bility of accident. It is surprising that carriers of this 
type are not offered by laboratory supply dealers. 
They are constructed from hard wood, seven-eights of 
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an inch thick, with a strip of three-quarter inch strap 
iron to strengthen the handle. The’sides and bottom 
cleats are attached with wood screws and the entire 
carrier is painted with an acid-resisting paint (‘‘Pli- 
cote’). 


@ New war demands have made existing controls over 


“ naphthenates insufficient, so the WPB has placed 


them under complete allocation. An increasing use for 
naphthenates is as a softener and plasticizer for syn- 
thetic and reclaimed rubber. 


e A type of fertile earth which can produce poisonous 
plants has only recently been discovered. The poison- 
ous substance is the metal selenium which is used ex- 
tensively for photoelectric cells. Certain plants can 
absorb this metal, and animals eating these plants have 
their hoofs drop off. This disease was reported by 
Marco Polo in Turkestan in 1295, although, of course, 
the cause was then unknown, 


@ Old tin cans from U. S. kitchens will yield over 3000 
tons of pure tin and 297,000 tons of scrap steel per year 
when the flow of cans to present detinning plants 
reaches capacity levels. To help relieve the critical 
shortage of both metals, an expansion program now 
under way will jump detinning capacity to recover a 
total of 5000 tons of tin and 495,000 tons of steel per 
year by the middle of 1943. 

Tin and scrap steel are both in the front ranks of 
critically short war materials. Our normal peacetime 
needs of 65,000 to 70,000 tons of tin a year, and 110,000 
tons in 1941, over 98 per cent of which we imported 
from the Far East, is this year being cut to 62,000, and 
to 48,000 in 1943. Even with this drastic cut, and with 
domestic production of tin from Bolivian ores, our 
available supply is far short of essential needs. The 
5000 tons of tin recovered from cans will become one 
of the principal sources of U. S. tin, amounting to 
perhaps 15 per cent of the total supply. U. S. tin pro- 
duction is nil. Alaska, Mexico, and miscellaneous 
North and South American sources will provide less 
than 1000 tons. 

Whether the tin or the steel scrap recovered from 
cans is the more valuable is a close question. 

Uncle Sam’s campaign for old tin cans is strictly a 
wartime emergency proposition, but the program would 
not now be adequate if all the spade work hadn’t been 
done long before Pearl Harbor. Early in 1941, looking 
toward strategic tin shortages, a committee of the Na- 
tional Academy of Sciences investigated the whole de- 
tinning matter, and reported that it was not commer- 
cially practicable; that can detinning would have to be 
resorted to, regardless of cost, in an emergency; that 
12,000 tons of tin was the maximum that could be re- 
covered at any cost; that the Government should, if 
an emergency arose, call upon U. S. detinners for pro- 
posals to expand their facilities; and that underlying 
all other efforts to detin was the successful collection of 
cans. 

















NEW ENGLAND ASSOCIATION 
of — CHEMISTRY TEACHERS 


Science Education and the Contemporary World’ 


R. W. GERARD 


Professor of Physiology, University of Chicago 


COME tonight to scold and augur ill, Xantippi and 

Cassandra rolled intoone. The world, indeed, is out of 
joint, and Science, among other human institutions, 
must stand before the bar of judgment. For this is the 
ageof science. Reason, disciplined in scientific proce- 
dure, has made possible our modern society—its complex 
stridor and its far-flung interdependencies. Reason 
and science are being tested, today, along with the 
world they have helped to fashion. Let me state the 
case as I see it. 


SCIENCE AND SOCIAL EVOLUTION 


Society, as a whole and in its larger subordinate 
groups, is an organism or, better, an epiorganism, com- 
posed of men as its ultimate units just as a man is an 
organism composed of cells as units. I assure you 
that, as a professional biologist, I do not mean this 
statement as a facile analogy but as one which is 
biologically meaningful. The society, like the or- 
ganism or the cell, exhibits all the basic attributes of a 
unit living system, is integrated by the same types of 
mechanisms, and develops along like paths. This 
matter has been considered elsewhere in detail? and 
must here be assumed. Only one critical inference 
need be drawn now. 

The evolution of organisms is directed and fostered 
by their environment. As generations follow one an- 
other special sense organs appear and grow more sen- 
sitive, each able to receive one kind of stimulus. Light 
waves, sound waves, material objects are richly present 
in the environment; but electric currents and mag- 
netic fields are present only slightly or as constants 
and are not related to happenings of moment to ani- 
mals. Animals have evolved ever more elegant eyes 
and ears and touch receptors, but no sense organs for 
magnetism. With the improvement of receptors, an 





1A lecture delivered before the New England Association of 
Chemistry Teachers, at the Fourth Summer Conference, Univer- 
sity of New Hampshire, Durham, N. H., August 12, 1942. 

2“Organism, society, and science,” Scientific Monthly, 50, 
340-50, 403-12, 530-5 (1940). ‘‘Higher levels of integration,’’ 


Biological Symposia, 8, 67-87 (1942). 
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animal is more aware of the continuous environmen- 
tal rain of stimuli upon it; more nerve messages are 
brought to the brain to be coérdinated; a more elabo- 
rate brain evolves; finer and more discriminative be- 
havior becomes possible; in short, a more complex 
organism comes into being. Evolution of the society 
likewise depends on environmental stimuli. 

The frontiers of a social group were once geographical. 
Beyond the confines of the epiorganism lay a ma- 
terial environment from which stimuli reached it. 
Other lands, peoples, cultures, acted upon hunters, 
sailors, traders, and like sensory units, which carried 
the new formative experiences back to the main social 
body. But geographical limits have been overwhelmed, 
as evolving transport and communication shrink the 
world. All men are now one loose epiorganism, the 
surface of our sphere has no unknown lacunae, provin- 
cial cultures are melting into uniformities, and the 
primitive spacial frontiers are gone. 

The frontiers of today, and even more of tomorrow, 
are those of the mind or, better, of mind applied to the 
seemingly familiar world. New insight into old 
phenomena brings about new tools and technics of 
exploration which reveal new phenomena. The micro- 
scope and spectroscope and telescope and oscilloscope 
are the extensions of vision which bring molecules and 
nuclei or galactic nebulae before the collective mind of 
society. The new stimuli which direct social evolution 
rain in from thé unknown while the frontier of the 
known encroaches into it. The sense organs of the 
epiorganism are the scientists, those specialized units 
which become ever more sensitive to ever more stimuli 
and which barrage the social body ever more insistently 
with the excitations set up by these stimuli. This is in- 
deed the age of science—that stage in epiorganism evolu- 
tion in which new receptors appear, the scientists; and, 
having themselves been evolved by the epiorganism, 
they now hustle and worry the whole onward at an 
accelerated rate of change. Receptors in general are 
a sort of autocatalyst of evolution; scientists are auto- 
catalysts of social evolution. 
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“Science is tested and organized knowledge, gleaned 
and tried with the aid of its powerful method. It is 
not necessary . . . to reiterate the character of this 
process . . . observation, explanation, experimentation, 
and rejection or, occasionally, confirmation. The 
elimination of chance by repetition, of extraneous 
factors by controls, and of faulty conclusions by tests 
of their predictions are commonplaces. . This 
habit of mind and action is indigenous in but not 
confined to the laboratory. It is the flowing river that 
deposits a rich alluvial delta of new-made wisdom. It 
is the greatest invention of man, the method of in- 
vention.’ 

But all is definitely not well. Invention autocatalyz- 
ing invention, change speeding change, may accelerate 
to an explosive rate if once out of control. Surely 
when the neural mechanisms of an animal are in- 
adequate to handle the sensory stream—because of 
faulty development, as in the feeble minded; or be- 
cause of damage, as in strychnine poisoning; or be- 
cause of excessive stimulation, as in the neuroses of 
overstrain or insoluble conflicts—then a breakdown 
results. Animals forced into experimental neuroses 
show a severe and general disintegration of their pre- 
viously integrated behavior habits. Perhaps change 
has overpowered the social intelligence, so that the 
insufficiently evolved epiorganism brain can no longer 
integrate the. new experiences. Perhaps society is 
becoming complex too rapidly and is experiencing the 
disintegration of a neurosis. I doubt that things are 
at such a pass psychobiologically, but even if they are 
and even if scientific advance is a large part of the 
cause, the popular reaction is in error. 

For the lay world is beginning to turn upon science. 
Make no mistake, the honeymoon century is over! 
When the intellectuals took science to their bosom in 
the nineteenth century they were sure they would live 
happily ever after. They are now tired of looking 
around the corner for a millennium that is not there. 
They are seeking a scapegoat for the present ills. They 
are beginning to think of divorce proceedings. 

People who should know better point to Nazi Ger- 
many as a horrible example of science carried to its 
logical conclusion. They forget that the Nazis have 
violated every high principle of science—have burned 
books, have forbidden the knowledge of facts, have 
created such national “‘scientific’ dicta as a German 
physics and an Aryan race, have exiled or exterminated 
independent thinkers. These people look at the un- 
doubtedly excellent Wehrmacht, made superior by an 
efficient application of good scientific technology, and 
call this Juggernaut ‘‘Science.”” As well blame a saw, 
wielded by a baby, for damage done and forever eschew 
its use. Science is a powerful tool; it is dangerous in 
irresponsible hands. 

But these critics go further and accuse science of 
being more than a non-moral means. It, and the 
rationalism on which it rests, have destroyed ends and 
undermined values: ‘‘ ... the most serious threat to 


3 “The role of pure science,’”’ Science, 88, 361-8 (1938). 
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democracy is the positivism of the professors, which 
dominates every aspect of modern education and is the 
central corruption of modern culture,” says my col- 
league, Mortimer Adler. (Contrast the statement of 
the great Tyndall, at the end of the past century: 
“If Germany should ever change for something less 
noble the simple earnestness and fidelity to duty, which 
in those days characterized her teachers, and through 
them her sons generally, it will not be because of 
rationalism. Such a decadent Germany might coexist 
within the most rampant rationalism without their 
standing to each other in the relation of cause and 
effect.”) A tide of mysticism is rising, and reason is 
being mistrusted or actually derided. Think of the 
cartoon orgy directed against the Brain Trust, pictured 
as wildeyed professors in scabrous cap and gown. 
Whatever one’s opinion of the then New Deal, the fact 
is patent that the experts were being held to scorn by 
such identification as thinkers and scholars. I repeat, 
in my Cassandra role: make no mistake; the light of 
reason, even more than that of freedom, may go out. 
A crisis in the human spirit looms ahead, and science 
may face a dark age. 


SCIENCE AND DEMOCRACY 


Yet in principle science and democracy are kin. 
Democracy also depends on free exploration and dis- 
cussion. Ina genuine democracy the scientific habit of 
thought is absolutely essential. Decisions are reached 
after full consideration, from all representative view- 
points, of whatever facts are available and appear 
relevant; and, since action on any decision soon yields 
new facts, it can continuously be redirected toward the 
goalset. Of course, no existing or past democracy even 
approaches this goal—political campaigns are aimed at 
emotion and prejudice, not at understanding and 
knowledge. Partly, this state may be disposed of by 
the cliché, ‘‘Human Nature.” Largely, Xantippi speak- 
ing, it is the mark of our failure, as teachers of sci- 
ence, to do our job properly. How can we expect 
citizens to act scientifically when they have never, even 
remotely, been exposed to (let alone dunked in) the 
scientific attitude? 

Democracy, even what we yet have, is fighting for 
its life. Science will win the war—our science, I am 
certain, on evidence too elaborate to detail here. But 
science will not win the peace. For one thing, a 
scientific approach to the problems of reorganization 
will not be used—the pull and tug of realists with 
particular interests will resolve the direction of move- 
ment, as always before. For another, the problem of 
ends is still not, or barely, within the scope of science— 
even if idealists sit in the reconstruction councils they 
will be in dispute as to what ought to be done. Perhaps 
the peace will be lost again. But sooner or later, if 
democracy is to put healthy flesh on its abstract bones, 
the mass of people and their leaders must act scientifi- 
cally. And this can be brought about only by the: 
education they receive. 

Science in democracy has two educational duties: 
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to impart some understanding of science to all citizens; 
to ensure social breadth for all scientists. I am not 
considering the special job of educating scientists in 
their profession; this is universally recognized as im- 
portant and, on the whole, is very well done, indeed. 
But the equally vital jobs, of tying our experts in to the 
social group and of extending the scientific atmosphere 
through it, are hardly recognized and are certainly not 
being done. 

Perhaps one or two per cent of the high-school stu- 
dents taking chemistry courses will become chemists 
or will ever use chemistry in any true professional 
sense. Yet they are taught in preparation for taking 
college courses in chemistry, which in turn largely 
prepare for advanced courses in chemistry. Our 
youngsters are taught this subject as if it were to be 
their vocation; it should be taught for its avocational 
value. To be sure, an elementary acquaintance with 
the facts and relations of science would seem a pre- 
requisite for satisfactory existence in the technological 
world of today. More, such knowledge can be voca- 
tionally useful in many non-scientific pursuits. I 
think of one-time fellow students in advanced chem- 
istry who now use their science in the scattered ‘fields 
into which it led them—advertising, patent law, jour- 
nalism, interior decoration, movie criticism, as well as 
the more obvious fields of industry. But chemistry is 
rarely taught with an eye on such tangential utility 
for non-scientists. 

Worse, the real beauty of this subject—in material 
phenomena and mental vistas—is not ‘‘put across.” 
Students put chemistry behind them with the same 
feelings as a wandering stranger does the desert. Even 
so gifted a man as President Hutchins recalled his 
chemistry only as a bad smell. Yet we dwellers in the 
desert know it is beautiful; we must communicate 
some aesthetic appreciation of it to our visitors, not let 
them leave with hostility to our domain. Those of you 
who had the fortune of studying under Dr. Stieglitz 
know how this can be done; how, without voice in- 
‘ flection or emphatic gesture, he carried students into 
isomeric theory and left them starry-eyed. 

Worst, we fail to impart those mental attitudes of 
the practicing scientist which are so desperately needed 
if democracy is to flourish, if science is honestly to be 
applied to the problems of living together. For the 
scientific attitude brings‘: release from superstitious 
fear (the unknown causes panic; the second bombing 
raid or gas attack will never start one); tolerance for 
the new (try things out and be guided by the evidence) ; 
intellectual honesty (what do the words really stand 
for?; and ‘“‘God give me the courage to face a fact 
though it slay me’’). 

Now what of the complementary educational prob- 
lem—of keeping the scientist from drifting into abys- 
mal specialization? I well recall from my student 
days a lecture which Carl Minor gave to the Kent 
Chemical Society under the title, ‘“Come out of the 
kitchen.”” Chemists, he urged, should not remain as 





4 See ‘“‘The role of pure science,” Joc. cit. 





47 


laboratory technologists in the bowels of great in- 
dustrial organizations but should learn something of 
and concern themselves with the workings of the whole, 
and should partially emerge into managerial and ad- 


ministrative responsibilities. They should enter the 
parlor. Today, a quarter century later, this move has 
been successfully made. I make the same plea now on 
a broader scale to fit the contemporary situation. 


Chemists, all scientists, are needed for their con- ° 


tribution in running the whole social organization. 
They now have honored places at the council table of 


war, they should merit them at.the councils of peace. . 


Science must be applied to society and scientists must 
help do it. They must come out of their kitchens for 
part of the time. 

But this means that they must qualify themselves 
to be more than scientific specialists; they must know 
something of the workings of the whole “Society and 
Sons Co.”; they must have a basic general education 
as well as a superposed special one; they must take an 
active and informed interest in their society, not only 
as citizens but also as scientists. (The spreading 
American Association of Scientific Workers is con- 
cerned with just this social responsibility of scientists, 
qua scientists.) 

The trend, unfortunately, has been the other way. 
As each science has flourished it has demanded more 
time of its students, until now chemistry courses (and 
some physics and math) fill three-fourths or more of the 
four-year college period of a student who hopes even 
for the low-order professional job open to a chemistry 
bachelor! I have no doubt that he gets good courses in 
chemistry, nor that the subject matter is now so huge 
that this training but scratches the surface—witness all 
the graduate work lying ahead in each subsection. I 
grant he learns scientific principles as well as facts. 
But, nonetheless, such a curriculum is perilously close 
to being that of a trade school rather than of a uni- 
versity. And such a curriculum, pursued at the ex- 
pense of rather than in addition to a broader education, 
cannot produce the rounded scientist of potential 
leadership but only the highly skilled and narrowed 
chemist. 

Remember Compton’s story of his sister who, 
annoyed by the native electrician who continuously 
asked for instructions as he wired her house in India, 
burst, out, ‘“Why don’t you use your common sense?”’ 
“Madam,” he replied with grave courtesy, ‘common 
sense is a rare gift of God. I have only a technical 
education.” 
education in relation to the war, says, “... if the 
universities have the wisdom to see that their work 
does not end with the specialist training of the chem- 
ists, doctors, engineers, etc., required for immediate 
tasks, but also includes training in internationalminded- 
ness and in the technics of international administration, 
they will have lifted their wartime function on to a new 
level of importance.” The same, at least on a national 
(if not yet on an international) basis, is true for peace 
as well. Hear Sherrington, Nobel laureate in physi-“ 
ology and past-president of the Royal Society: 


Huxley, recently discussing our college ° 
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“Granted the scope of natural science be to dis- 
tinguish true from false, not right from evil, that simply 
makes the man of science as such, not the whole man 
but a fractional man; he is not the whole citizen but a 
fraction of the citizen. The whole man, now that his 
mind has ‘values,’ must combine his scientific part-man 
with his human rest. Where his scientific part-man 
assures him of something and his ethical part-man 
declares that something to be evil, it is for the whole 
man in his doing not to leave it at that. Otherwise in 
a world of mishap his scientific knowledge and his 
‘ ethical judgment become two idle wheels spinning 
without effect, whereas they have been evolved and 
survive each to give the other effect. But for that he 
would not have them. Without that will he retain 
them? If he prize them he must use them, or Darwin 
might tell him he may lose them.” 


SCIENCE AND EDUCATION 


So much, then, for the general relations of science to 
democracy. Let me consider at last the particular 
role science should play in education as a whole. I am 
here concerned with higher general education—the 
arch of the foundation on which the special ivory 
towers may later be raised—not with the solid floor of 
the three R’s nor with the later towers. What should 
the general education of a future adult and citizen 
supply to him? 

A certain content, of course: the outstanding facts 
and interpretations that have been accumulated by 
past generations; the high lights of history, art, and 
literature, of the natural sciences, physical and bio- 
logical, of the mental and social sciences. A small- 
scale map of the material and mental world, which 
man has deciphered or created over millenia, in which 
to set his future limited travels. Content, I em- 
phasize, must not be merely a collection of facts; it 
must include, besides some facts, such theory, chronol- 
ogy, or other integrating mental threads as give mean- 
ing and coherence to the whole. Understanding more 
than knowledge is the aim. I have called this duty 
that of supplying grist for the mill. 

Another duty is to develop the mill. General edu- 
cation should complete the job of training in various 
skills; certainly the intellectual ones and certain 
manual ones (of studio, laboratory, etc.), and perhaps 
even “‘social’” and emotional ones. The intellectual 
skills which must be mastered are the use of symbols and 
sources of information. Mathematics, English and other 
languages, philology, philosophy (e. g., logic)—all deal 
with symbols of first or higher orders, and these ma- 
terials must not merely be known about and under- 
stood, but be familiar tools at the call of their possessor. 
Knowing where and how to obtain desired information 
is an equally important skill (intellectual or manual) to 
acquire. The use of the library, the laboratory, the 


field trip—to obtain new live facts by observation or 

unfamiliar preserved ones by reading—should become 

as much an established habit as the use of number. 
Given an over-all orientation and given certain skills 
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of finding facts and reasoning with them, of accumu- 
lating knowledge and kneading it mentally into wis- 
dom, then the crucial job of general education yet 
remains to be done. The student must then select a 
plot of ground somewhere in the vast terrain and farm 
it. He must apply these newly won skills and estab- 
lish enduring habits of applying them validly. He 
must actively tackle an intellectual job of his own and 
carry it through with a minimum of guidance. He, 
himself, must find and solve real problems. It is at 
this point more than any other, I suspect more than all 
others, that general (and science) education has failed. 
We fail to get the mill into use. But, before salting 
the wounds, a word about the specific role of science in 
this education. | 

Much of the content is from the realm of science—in 3 
terms of fields, well over half; in terms of actual 
weights, probably each scholar will have a unique 
opinion, but none can deny a large fraction of the 
whole. Skills of number and observation are met 
overwhelmingly in the sciences, and the others are, of 
course, used in them. And, far the most important, 
the scientific attitude and method can be acquired and 
turned into lasting habits only by the active solution 
of fresh problems, by ‘‘research’’ in laboratory or field 
or library—a contribution to be made primarily by 
the sciences, supplemented by certain historical- 
critical fields in the humanities. 

Now what are the general defects in our science 
teaching (I leave the followers of other disciplines to 
their own self-criticism) which have made its results so 
disappointing? These are general failures, not universal 
ones, and plenty of individual teachers have struggled 
against the ebb of vision in the profession, the poor 
material facilities, the overcrowded classes, the ex- 
ternally imposed strictures, and the unattractive per- 
sonal arrangements which have helped bring about the 
present situation. I am not concerned with assigning 
blame but with noting, with a view to improving 
conditions. 

We have wallowed in facts. Instead of teaching * 
facts as means to ends, we have tried to make scientific 
quiz kids of our students. Many facts taught are + 
trivial from the start, many are obsolescent and soon 
obsolete, most are promptly forgotten. Don’t mis- 
understand me—facts are absolutely essential; but 
they are a necessary, not a sufficient, condition to 
learning science. A few are useful in themselves, such 
as that gasoline fumes easily produce an explosion or 
that water expands on freezing, but most are useful 
only when set into interpretations and perspectives. 
To simply learn the atomic weights and numbers of all 
the elements is deadly, to learn them all in relation to 
the periodic table is wasteful (except for a future 
chemist), to learn the electronic interpretation of 
chemical activity, illustrated by only enough atomic 
instances to justify and illustrate this interpretation is 
fine. Yes, I know this is now the favored procedure, 
in principle; but how often is it really adhered to, how 
often does the process lapse into the old memorization 
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exercise? This is a second criticism—we do not, 
mostly, lead our students to see panoramas and under- 
stand relations; we are content when they can re- 
gurgitate the facts themselves. 

A different sort of criticism—we flagrantly violate 
the basic scientific virtue of accepting evidence rather 
than believing dogmatic assertion. We teach dog- 
matically. In textbook and lecture we expound the 
truth and then demand it back in quiz sections. We 
are thoroughly anti-scientific—we tell ’em! ‘‘Question 
nature, not books,’’ said Agassiz, but we ‘‘dish it out”’ 
in the spoken and written word and we violate the 
spirit of enquiry even more in the laboratory. To be 
sure we often go through all the motions of being good 
scientists, giving our evidence and drawing inferences. 
Much of this, however, is rather like a piece of “‘scien- 
tific research” whimsically published by an eminent 
English scientist. 

His paper was couched in impeccable scientific dress. 
The object, clearly expounded, was to study the 
religious convictions of cockroaches. The method was 
described in repeatable detail—a meter-long, one-inch 
diameter glass tube was held horizontally; 100 roaches 
were placed at the center; one end was then closed by 
a card on which was drawn a cross, the other end by a 
card with a crescent; a Bunsen burner was then lighted 
under the roaches. The extensive results were tabu- 
lated and graphed and statistically analyzed for signifi- 
cance. Finally, conclusions were drawn with proper 
precaution. This particular species of roach, obtained 
from such and such habitat, under the climatic condi- 
tions prevailing during the experimental period, as 
tested by the specific means described, contained 49% 
Christians who, faced with bodily peril, ran to the 
cross, 48% Mohammedans, who similarly sought the 
crescent, and 3% atheists, who died where they stood 
rather than acknowledge the symbol of any religion! 

To sum up the general defects: facts are over- 
emphasized; perspectives are neglected; learning is 
often rote and mostly passive; the student works to 
pass a course not to learn a subject, because learning 
is made a chore rather than a challenge; the teacher 
dogmatizes. The laboratory, which should serve to 
counteract just such defects, has, alas, become a par- 
ticularly effective device for enhancing them. 

The student is made to perform a series of manual 
acts, usually so many ‘experiments’ in a given time 
that their mere execution requires all his attention. 
These acts he performs passively (intellectually speak- 
ing) by following carefully detailed instructions in the 
lab manual. This is about as stirring to the mind as is 
executing setting-up exercises in time with the radio’s 
“‘one-two-three—rest.”” In fact, even manual skills 
are not infrequently sacrificed for speed and the stu- 
dent finds his apparatus all neatly assembled so that 
he need, so to speak, only push buttons and read 
pointers. The ‘‘experiments’’ he is assigned are chosen 
primarily to illustrate or supplement lecture material, 
not for their intrinsic values. And, worst of all, the 
student hurriedly does as he is told, without thought, 
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sees what happens, without interest, and then blithely 
discards what he sees in favor of what the book says. 
How regularly will a student tell us that he got the 
“wrong’’ result or that the ‘‘experiment didn’t work,” 
and how much more often does he simply tell it to 
himself and forget his findings. Fine education this 


is in the scientific faith of trusting the evidence! Fine 
education in the scientific method, in making controls, 
eliminating errors, validating results, drawing con- 
clusions based upon them! 

And so I evaluate our current science teaching, in 
terms of the jobs it should do for general education, as 
follows: it certainly does impart content; it does in- 
dicate some relationships and train in some skills; it 
sadly fails to develop the scientific attitude or inculcate 
the habit of actively using it. In other words, our 
science teaching fails most completely in its one job 
which really matters to contemporary democratic 
society. It would again be possible to find reasons for 
all this—certain consequences of mass education, 
emphasis on academic labels and on the exams which 
then serve to bring them, poor salaries and other 
conditions which recruit often inferior personnel into 
teaching, and so on. But this is unimportant. What 
is important and called for is some constructive com- 
ment; else why this public mortification? I offer the 
following suggestions. 

Each teacher must follow his own genre, to be sure, 
yet few are so inflexible as to have no latitude. Any 
shift in classroom procedure away from the formal 
lecture or the formal quiz is likely to be helpful. If 
only we will be less wedded to systematic exposition 
and ‘“‘coverage,”’ and lead the students to understand- 
ing by guiding their own active discussion, we will move 
forward. It is a more difficult technic than lecturing 
but more interesting and more rewarding. It makes 
the difference, intellectually, that gradually guiding a 
child into deep water and active swimming does, 
emotionally, as compared with throwing him in. And 
it does favor understanding and breadth- against 
memorized fragments. I treasure the comment made 
this summer by a girl at the close of an elementary 
physiology course conducted solely by discussion, 
“You can’t cram for this exam, because as we went 
along we had to understand.’’ Someone has said that 
the acid test for elementary science teaching is the 
success it would have if the teacher were on an island, 
instructing its untutored natives, with no prepared 
equipment. This is worth considering, especially with 
high-school age savages who, also, must be led from 
their own particular experiences and interests to insight 
into more general principles. (Why is it that youngsters 
are fascinated by scientific hobbies, unite into innu- 
merable vital junior science clubs, but leave the school 
science courses with boredom in their souls?) 

Another suggestion along these lines: encourage the 
student to reason and to experiment from his own past 
observations. The action of heat as a catalyst can be 


inferred by any youth who has seen ice boxes and 
stoves at work in the kitchen. 


His observation of the 
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evaporation of water from a kettle and of the solution 
of sugar in a cup of tea are sufficient basis for leading 
him to the kinetic particles of matter. And with an 
occasional prodding question to help him along, he 
can deduce a kinetic interpretation of thermal catal- 
ysis. Then why not let him go further, for he surely 
will want to, and make some real experiments himself— 
to determine, say, how much acceleration of this or that 
chemical reaction is brought about by various temper- 
ature increments? 

And now I have come to the peak toward which this 
talk has been climbing. Each student can be led to do 
his laboratory work (and his thinking) in the same 
spirit as the investigator does his research. He can 
posit his own problem, work out his own methods, make 
and repeat and evaluate his original observations; he 
will suffer the drudgery of preparation and of repetition 
and the disappointment of blunder and failure, but he 
will experience the thrill of real discovery and achieve- 
ment that makes all the other so worth while; he must 
learn the meaning of evidence and the pitfalls of ob- 
servation, and he must finally draw his conclusions and 
learn how to test and support them. He will learn, by 
actively pursuing it, the scientific attitude. 

Don’t say, ‘It can’t be done.” It can be, for it has 
been. The evidence on such an educational experi- 
ment is available,> and the results are positive indeed! 
To follow the particular example on temperature. A 
thermometer, a burner, perhaps ice, a watch, pans or 
beakers, and water are the only essentials to determine 
reasonable temperature coefficients. Innumerable 
chemical and physical reactions await the choice of the 
student, ones which can be followed by easily available 
means: the coagulation of egg white in an egg or ina 
capillary tube; the turning rancid of butter measured 
with litmus or titrated with alkali; the rate of evapor- 
ation of water from any graduated straight-walled vessel ; 
the volume of a gas, in a burette tube standing in water; 
the development of photographs by reducers; and on, 
so far as the collective ingenuity of youth can range. 
Nor will the problem remain limited to temperature. 
Questions of concentration will promptly arise. The 
devising of usable tests and ‘‘set-ups’’ will tempt many 
into new experimental paths. Control of conditions 
may lead to the study of other catalysts—water, light, 
acid, surfaces. The variability of results under ‘“‘con- 
stant’’ conditions should encourage some to make sta- 
tistical evaluation and teach all not to clutter numerical 
results with meaningless digits beyond the decimal 
point. Some students may even spread into biology, 
largely chemistry anyway, and find out how the rate of 
respiration of a fish or the growth of bacteria pass 
through optimal temperatures. 

We can go on inventing these experimental adven- 
tures, but that is uncalled for. The students will 





5 GerarD, ‘‘An experiment in education,” J. Chem. Educ., 
8, 1144-52 (1931). (See also ‘‘An adventure in education,” 
J. Higher Educ., 1, 193-7 (1930). STEGGERDA AND Gray, ‘“‘The 
optional experiment,”’ J. Higher Educ., 11, 70-3 (1940). ScHLEs- 
INGER, ‘‘The contribution of laboratory work to general educa- 
tion,” J. Chem. Educ., 12, 525-8 (1935). 
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invent them if given the slightest freedom and en- 
couragement. And they will carry them out soundly 
and completely to reach defensible conclusions. They 
will, surprisingly, learn an enormous amount of chem- 
ical facts and theory—for any small problem demands 
all sorts of ancillary knowledge. They will ask you to 
tell them this until they learn that you will not give 
such answers. Then they will ask each other, then go 
to the library (and really learn how to use it), then to 
the test of their own experiments. And if each stu- 
dent demonstrates his work to the others (as well as 
argues about it through the whole course), what a 
range of subject matter they will cover. And master! 
Remember, I am not predicting now, I am reporting; 
for that is what happened. 

It amounts to this. Our main duty to the great 
bulk of the students who take elementary science, and 
to our democratic way of living together (which really 
put those students into those classes), is to teach them 
to meet the problems of later life by the disciplined use 
of reason. This is to approach these problems with the 
attitude of the scientist toward his science and to 
tackle them with his method. The student must live 
science, not learn about it, in his formative years if he 
is to act scientifically later. To live science he must 
actively adventure on his own, must recognize and 
solve his own problems, must do “‘research.”” And the 
laboratory is the boat which fares into this world of 
exploration, which excites yet restrains the imagination 
of its pilot. 

You may recall Wood’s response when asked the 
difference between physics and metaphysics. ‘The 
other day as I dozed,” he said, ‘‘a solution to a problem 
that had been worrying me popped into my mind. It 
seemed like a good idea and I slept over it. In the 
morning I considered all the ramifications of the prob- 
lem and the solution fitted; I thought it a very good 
idea. Then a study of other available material in the 
library convinced me that it was a darti good idea. So 
I went to the laboratory and did some experiments— 
and the solution failed. The metaphysician,” he con- 
cluded, “‘has no laboratory.”’ 

We scientists and science teachers have a tremendous 
responsibility to the future. What we discover will 
continue to revolutionize the material ways of life. 
How we apply, and teach others to apply, our pro- 
cedures and their yield can determine the spiritual 
ways of life as well. Lindsay has put the issue clearly 
in a recent Sigma Xi lecture: 

‘““ , .. the great paradox of our civilization (is) the 
failure of man as a moral, spiritual, and social individual 
to adjust himself adequately to an environment radi- 
cally altered by the applications of science. This ad- 
justment will come, but only as a slow process of evo- 
lution which will put a decided premium on our pa- 
tience. It will come when the scientific method makes 
as great an impact on the thoughts of men as it has 
made on their external environment.” 

To install the scientific attitude in the thoughts of 
men—that, fellow-teachers of science, is our real job. 





~~ 7 ~« © — -« 


— 









i ee i i 


seocooaen oO Ww 








SEMIMICRO AND MACRO ORGANIC CHEMISTRY. A LABORATORY 
Manuat. Nicholas D. Cheronis, Chicago City Colleges. 
Thomas Y. Crowell Company, New York, 1942. xiii + 388 
pp. + 55 removable report- and question-sheets. 63 figures. 
15 X 22cm. $2.75. 


If only two key words descriptive of this manual could be 
written, they should be “‘fascinating’”’ and “‘practical.” One as- 
pect of its fascination lies in its clarity of format, type, theoreti- 
cal discussions, directions, and especially of illustrations; 1. e., 
the line drawings of apparatus are splendidly done, with all the 
bases and supports of iron filled in solid, to avoid confusion with 
the glass and rubber portions of the equipment. Looking at the 
easily constructed semimicro pieces of apparatus here depicted, 
we are immediately thrilled with their potentialities, and with 
the desire to make some right away. The practicality of the 
volume arises not only from the above features, but also from 
the wide selection of alternative experiments offered, both for 
macro- and for micro-manipulation. Hence this is a book for 
those laboratories which are now making the transition from the 
larger to the smaller kinds of apparatus, which have to use sub- 
stitutes because of scarcities of apparatus and chemicals, and 
which have students of highly variable capacities for laboratory 
achievement, 

The experiments are grouped as introductory, elementary, 
and advanced; e. g., both the Wurtz-Fittig and Grignard syn- 
theses are used for preparing higher hydrocarbons in elementary 
work, but the students learn to handle the Friedel-Crafts reac- 
tion in advanced work. A helpful appendix includes supply lists, 
special information on reagents and solutions, first-aid rules, 
index, and finally removable report- and. question-sheets. The 
safe practice of wearing goggles during hazardous work is con- 
sistently urged. There are two short experiments on the proper- 
ties of the nitroparaffins accompanying those on nitrobenzene. 
Throughout this manual, the aromatic compounds and reactions 
of each class are grouped with their aliphatic counterparts. 

Only one efror has been detected as yet—on page 325 the 
structural formula of p-sulfobenzoic imide is shown as the meta 
isomer. 

The binding is sturdy, the pages lie flat when the book is open, 
and the paper is of good quality, but the cover is a light shade of 
tan which will show spots very badly if left exposed on the labora- 
tory bench. 

Davip LyMANn DavIDSON 


MIDDLESEX UNIVERSITY 
WALTHAM, MASSACHUSETTS 


ADVANCES IN CoLLorp SCIENCE, Vol. I. E. O. Kraemer, Bio- 
chemical Research Foundation; F. E. Bartell, University of 
Michigan; S. S. Kistler, Norton Company. Interscience Pub- 
lishers, Inc., New York City, 1942. xii + 434 pp. 160 figs. 
15 X 23cm. $5.50. 


This very useful book is the first in a series of volumes in which 
recent significant discoveries or advances in colloid science may 
be presented in a more comprehensive and unified fashion than 
is possible in the regular technical journals. 

The chapters by several authors are not offered as mere re- 
views of the literature but rather stress the author’s own point 
of view. 

Emmett’s presentation of the gas adsorption method of meas- 
uring surface areas is excellent, yet ends with the conclusion that 
the method is still in its test period. On the other hand, Sullivan 
and Hertel state that ‘‘permeability measurements now appear 
to provide a method of specific surface determination which is 
satisfactory in many respects.”” This chapter is almost com- 
pletely a discussion of the literature. 

Tiselius offers detailed instructions, and theoretical considera- 
tions, for his efforts to widen the scope of applications of adsorp- 
tion analysis and to put it on a more quantitative basis. 
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RECENT BOOKS 


McBain interprets the ‘‘solubilization’’ of substances insoluble 
in water by certain detergents. He offers, with many other in- 
teresting statements, the fact that when a volatile, insoluble hy- 
drocarbon is dissolved in an excess of aqueous detergent, the 
vapor pressure is far less than that of the volatile liquid alone, 
proof that there can be no droplets of emulsion present. 

The long chapter, forty-three pages, by Powell and Eyring on 
Properties of Large Molecules is highly theoretical. Weiser and 
Milligan offer a remarkably clear chapter on the Constitution of 
Inorganic Gels, a subject with which they have had more than 
twenty years’ experience. The text is helped by several X-ray 
diffraction patterns. The present keen interest in synthetic- 
resin ion exchangers makes the long chapter by Myers very wel- 
come. 

Other chapters on the Study of Colloids with the Electron 
Microscope, Surface Tension, and Streaming Birefringence add 
to the value of this excellent book. 

Harry N. Ho_mMes 


OBERLIN COLLEGE 
OBERLIN, OHIO 


MopeERN CHEMISTRY. Charles E. Dull, Head of Science Dept., 
West Side High School and Supervisor of Science for the 
Junior and Senior High Schools of Newark, New Jersey. 
Third Edition. Henry Holt and Company, Inc., New York, 
1942. xi + 604+ xxiv pp. 2 plates, 412 figs. 15 K 23cm. 
$2.00 


This third edition of a standard textbook is thoroughly re- 
vised and up to date. The last chapter, Other Carbon Com- 
pounds, answers many practical questions concerning new 
materials and substitutes involved in our present way of life. 

The author claims that he has written a “textbook of chem- 
istry and not a book about chemistry”’ which he hopes, however, 
will help a student to apply the scientific method to himself and 
to his own consumer problems. Several devices are used to help 
the teacher plan differentiated courses for students who go to 
college and for those who do not have to prepare for college 
entrance. Topics are starred which can be omitted without 
breaking the unity of the course and problems are marked A and 
B indicating varying ability levels. In the opinion of the re- 
viewer, the writer reaches his objectives most successfully. 

There are seventeen units presenting the usual or conventional 
fields of high-school chemistry. The material is well arranged 
and information is readily located. There is a general subject 
index and the appendixes give useful tables commorly used by 
chemistry students. 

Each chapter includes a preview of each unit, challenging 
questions or statements to introduce the paragraphs or topics, 
vocabularies to call attention to new science terms, excellent 
summaries with thought-provoking questions, and suggestions 
for student activities. 

The book is profusely illustrated with pictures of chemical 
applications. Men of science, past and present, are also pic- 
tured at the close of each unit. The brief biographical sketches 
acquaint the student with the personalities associated with the 
things discussed in these units, thus emphasizing the human 
element behind each chemical achievement. 

GRETA OPPE 


Batt HicH ScHOOL 
GALVESTON, TEXAS 


INTRODUCTION TO THE MICROTECHNIQUE OF INORGANIC ANALYSIS. 
A. A. Benedetti-Pichler, Assistant Professor of Chemistry, 
Queens College. John Wiley and Sons, Inc., New York, 1942. 
vii + 302 pp. 84figs. 15 23cm. $3.50. 


The publication of this book has been eagerly awaited by all 
those who have used the previous text on this subject by the 
same author, which is now out of print. 
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Although the present volume has a title very similar to that of 
the first book, it very definitely is not a mere revision. It is 
entirely new in arrangement of the material, illustrations, and 
much of the content. An outstanding difference is the inclusion 
of quantitative procedures in addition to the qualitative. Fur- 
thermore, many of the newer technics developed by the author 
and his co-workers are presented for the first time in a complete 
form. 

While a comparison of this book with its predecessor is perhaps 
not warranted, it should be observed that the present volume 
undoubtedly reflects the author’s experiences in using the former 
as a text in his courses. The book is divided into three main 
parts. The first describes the apparatus employed, how to make 
it and how to use it. The author has wisely left a discussion of 
the optics of the microscope to texts on the subject, and limited 
himself to a brief description of the essential parts of the instru- 
ment, and their functioning. Experiments are interspersed to 
illustrate the use of the various pieces of equipment. Since there 
is often a choice of methods available for a certain operation, it 
is advisable for the beginner in microanalysis to familiarize him- 
self with all, so that he may select the proper one for his particu- 
lar purpose when he has a practical problem. These experi- 
ments are designed to illustrate basic technics using this equip- 
ment. 

The second part of the book consists of a description of the 
various technics of qualitative analysis, such as spot tests, slide 
tests, fiber tests, bead tests, etc., as well as methods for working 
with slides, capillaries, and centrifuge cones. Experiments 
illustrate each technic, and such manipulations as evaporation, 
extraction, etc. Although the accompanying experiments are 


based on the qualitative analysis of the metals, no complete 
scheme of analysis or separation is included. An outline of such 
a scheme is given for the copper and arsenic groups but, as the 
author suggests, ‘‘any tried macro scheme may be applied to the 
analysis of small samples once the basic technic has been learned.” 
For greater flexibility in the application of the methods, this 





Tuts Is WHAT HAPPENS TO Ducks WHo Try To SwIM IN WATER 
TO WHICH A WETTING AGENT HAs BEEN ADDED (See page 38.) 
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part of the book is divided into sections on centigram, milligram, 
and gamma procedures. The latter are the new methods using 
a micromanipulator, which approach spectroscopic analysis in 
sensitivity. 

The third part of the text describes the quantitative procedures 
using both the microchemical balance of the Kuhlmann type, and 
the ordinary analytical balance and for both centigram and milli- 
gram samples. Gamma procedures are given rather brief con- 
sideration in this section. This part also describes the micro- 
methods of titrimetric analysis. 

The appendix lists not only the reagents for both qualitative 
and quantitative experiments, and the apparatus used in both 
types of work, but also includes a bibliography and a brief out- 
line of a basic course in micro-technic. 

The book is written with the wealth of detail and attention to 
proper sequence of manipulations so necessary for the correct 
carrying out of the methods. The author has apparently made 
the comfortable decision to describe only those methods which he 
found to be practicable and best suited for the particular pur- 
pose, rather than to make the book a compendium of all pub- 
lished methods. In the opinion of the reviewer, a book on such 
a relatively new subject as this should give the reader the benefit 
of the author’s experiences rather than present an overwhelming 
list of all known procedures, leaving the reader (who is probably 
a novice in this field) to decide which one to use. 

A welcome innovation is the listing of the required apparatus 
at the beginning of each experiment. A statement by the 
author that even ‘‘experienced chemists should resist the tempta- 
tion to limit their study to a few experiments which seem to be 
an immediate preparation for the contemplated practical use’’ 
is heartily endorsed by the reviewer. Too often micromethods 
have been condemned as inadequate by persons who have not had 
sufficient experience with them. 

It is certain that the publication of this book will give a great 
impetus to the adoption of micromethods in analytical labora- 
tories, both academic and industrial. 

WILLET WHITMORE 


POLYTECHNIC INSTITUTE OF BROOKLYN 
Brookiyn, New YorK 


URANIUM AND AToMIc PowER. Jack De Ment, Research Chem- 
ist, The Mineralogist Laboratories; and H. C. Dake, Editor, 
The Mineralogist Magazine. Chemical Publishing Co., Inc., 
Brooklyn, New York, 1941. viii + 335 pp. 16 figs. 13.6 x 
21.7 cm. $5.00. 

This book is a synthesis of the material in the literature to date 
on uranium and related compounds. It is supplied with lengthy 
bibliographies to its seven chapters which deal with: Atomic 
Power, The Uranium Minerals, The Physics of Uranium, Chem- 
istry of Uranium, and two chapters on Specific Methods in 
Uranometry; plus six appendixes, which are full of carefully com- 
piled data. The chapter dealing with the use of fluorescent indi- 
cators in uranometry is especially interesting in view of the 
authors’ earlier book, ‘Fluorescent Light and its Applications.” 

The study was made, in great part, with a view to the future 
possibilities of uranium as a source of energy. The authors have 
summed this up: ‘‘We believe that we are treating some of the 
fundamentals of a new science which includes, but which does not 
entirely consist of, the rapidly vanishing borderline between 
chemistry and physics. Wealso believe that we have described 
what may be the groundwork of a future industry, the possibili- 
ties of which are fantastic to many, but not too highiy improbable 
to those with a mind to progress.”’ 


CHEMISTRY IN RELATION TO BIOLOGY AND MEDICINE WITH ESPE- 
CIAL REFERENCE TO INSULIN AND OTHER Hormongs. J. J. 
Abel. Williams and Wilkins Company, Baltimore, Maryland, 
1939. 79pp. 16 X 24.5cm. 

This is the Willard Gibbs lecture by the late Dr. Abel. 
edition is limited and privately distributed. 


The 

















Editors 


N AN article elsewhere in this number! several of the 

issues in chemical education have been raised with- 
out, however, disposing of them. Not that this failure 
of conclusive result is surprising; indeed, if it were pos- 
sible to settle these issues (and many more like them) 
they would long since have been settled and there would 
be scant place in our literature for such periodicals as 
the JOURNAL OF CHEMICAL EDUCATION. 

We who guide the footsteps of those entering into 
the field of chemistry for the first time know that our 
first and perhaps most difficult problem is that of laying 
out the path to be followed, in proper accord with the 
interests, needs, and abilities of the student. The field 
is a broad one; it may be traversed in many ways and 
directions. And in any event the wanderer through 
the field will probably pick only those daisies which are 
within easy reach of his particular course. There will be 
much landscape, further off, which he will never see. 
To be sure, he who makes this sojourn merely for his 
enlightenment and enjoyment should be routed by a 
different path than he who expects to make a serious 
business of cultivating the field. 

Unfortunately, we are too inclined to look back upon 
our own experience and think that the path which we 
ourselves took was the smoothest or most productive. 
Perhaps it doesn’t occur to us that we may have enjoyed 
the mossy hollows but missed some of the inspiring 
heights. Since we took the journey there has been a 
great deal of exploration and a lot of new trails have 
been blazed. There is still much virgin territory which 
can only be glimpsed from afar. 

The casual student of general chemistry should have 
a right to expect an adequate, or at least personally 
satisfying, picture of the structure and behavior of the 
material world, even perhaps including, Sh!—some of 
the rudiments of atomic structure. What his particular 
“fourteen weeks in chemistry’ will comprise will de- 
pend upon‘the ability and state of enlightenment of his 
teacher, and, necessarily, upon the momentary state of 
knowledge of the field. But he certainly has a right to 
expect that full advantage will be taken of the present 
state of knowledge, in outlining the mental picture 
which he is trying to grasp. It is a serious, though 
very common, mistake to suppose that the latest knowl- 
edge is necessarily difficult to comprehend. On the 
contrary, some of our most recent developments are 

greatly simplifying in their implications. 

It is nevertheless true that a teacher must have 
mental flexibility if he is to keep himself and his teach- 
ing most effective. Furthermore, this mental flexibility 


1 Howarp, ‘‘Chemists and the teaching of chemistry,” p. 82. 
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is an inherent part of the ‘‘scientific method,” which, 
above all other things, we aim and hope to drill into 
our students. 

By all means “‘keep it simple.” But the suggestion 
to rule out the “theory of electrolytic dissociation”’ on 
this score is ridiculous. This is neither mere frosting on 
the cake, easily dispensed with, nor, to the teacher who 
understands its implications, does it present very diffi- 
cult pedagogical problems. In fact, students can 
understand its essentials rather easily and appreciate 
that, as a basis of thought and imagination, it is a 
satisfying picture which simplifies a number of other 
things. 

However, simplicity and difficulty are merely relative 
terms. An idea may be difficult to one person because 
he lacks the one little clue to its understanding, while, 
to another person it is perfectly clear. Just as often, 
an idea appears very simple to A because he only knows 
its approximations, while B, who knows more about it, 
realizes that the same idea is complicated. A perfectly 
good example of this is to be found in “‘such simpler 
things as valence.’’ Valence can be simple or difficult, 
depending upon how much you want to know about it. 

While we must strive to make our teaching as clear 
and effective as possible, and therefore in such simple 
terms that students will be led to clear understanding, 
we must be careful that this does not become an excuse 
for mere superficiality. Things are simple when we 
understand them perfectly, but there are plenty of 
things which none of us understands. It would be a 
great tragedy if all our students finished school and 
college feeling that everything they had sttdied was 
simple, for anyone who thinks that the phenomena of 
this world—political, economic, material, or spiritual— 
are simple and uncomplicated just hasn't been educated. 

We must develop mental courage and confidence in 
our students. One successful struggle to attain under- 
standing, even on a small point, will help to dispel the 

fear of the un-understood. Because it is mental fear 
that drives peoplé away from a subject because they ex- 
pect it to be “tough.” Our attitude toward the un- 
known should be one of respect, not fear. 

Of course chemistry is difficult, but it is also simple. 
Some of it we understand pretty well (or think we do, 
which amounts to the same thing as far as our idea of 
simplicity is concerned) and some of it we still haven't 
been able to fit into the picture very well. But we are 
making progress. Much of what was difficult yester- 
day is simple today—a satisfying thought for those of 
us who do not see too clearly yet but hope still to live 


for a while. 
CHEMISTRY HALL LIBRARY 








Putting Tagged Atoms to Work 


JOHN A. TIMM, Simmons College, Boston, Massachusetts 


RANSMUTATION, or the process of changing 

one element into another, was little more than an 
alchemist’s dream twenty-five years ago. It was 
known to occur spontaneously in the disintegration of 
naturally radioactive elements but this process is be- 
yond the control of man. A radioactive element dis- 
integrates at a constant rate which is determined by the 
nature of the nuclei of its atoms. These nuclei, pro- 
tected from the shocks of collisions with other atoms by 
their planetary-electron sheaths, remain unaffected by 
high temperatures. To effect transmutation of a 
stable nucleus some means had to be discovered by 
which the planetary-electron sheath could be penetrated 
and a blow struck with sufficient energy. For this 
purpose none but subatomic particles were small enough 
and none save the alpha-particles, emitted at high 
velocities from naturally radioactive nuclei, had 
sufficient kinetic energy. 


TRANSMUTATION 


In 1919 Lord Rutherford announced the first suc- 
cessful transmutations. By bombarding the atoms of 
some of the elements of low atomic weight with alpha- 
particles he succeeded in knocking protons from their 
nuclei. Since the number of protons in the nucleus of 
an atom determines the element to which the atom be- 
longs, the loss of a proton indicates that a transmuta- 
tion has been effected. Alpha-particles are nuclei of 
helium atoms and are composed of two protons and 
two neutrons. These are ejected from the nuclei of 
certain naturally radioactive atoms with velocities of 
the order of one-fifteenth of the velocity of light, fast 
enough to cover the distance of the earth’s circumfer- 
ence thirty times in a minute. To give these doubly 
charged particles such a velocity would require a 
difference in potential of some 2,500,000 volts, far be- 
yond attainment at the time Rutherford announced his 
first successful transmutations. 

The use of alpha-particles from radioactive nuclei to 
accomplish transmutation was subject to severe limita- 
tions. These particles are ejected in all directions from 
a radioactive source. The radioactive atom cannot 
be persuaded to take careful aim at some target atom 
before letting the alpha-particle fly. Hence the 
efficiency of the process is extremely low, since atomic 
nuclei are very small, compared with the space between 
the planetary electrons and the space between atoms. 
Less than one in every 50,000 atoms found their mark 
in Rutherford’s experiments. Further, since both the 
alpha-particles and the nuclei of the target atoms are 
positively charged, the forces of repulsion must be 
conquered before transmutation may take place. 
Since protons and deuterons, nuclei of ordinary and 


heavy hydrogen atoms, respectively, bear single posi- 
tive charges, their use as agents of transmutation is more 
efficient. Unfortunately, these nuclei are not among 
the products of radioactive disintegration. Hence, 
they must be given sufficient kinetic energy by ac- 
celeration through a sufficiently large difference in 
potential. 


‘‘ATOM-SMASHING’’ MACHINES 


The production of differences in potential as large as 
several million volts with which to accelerate subatomic 
particles presented interesting problems to experimental 
physicists. Several successful machines are in opera- 
tion which produce such voltages directly. Of this 
type, the electrostatic generators, designed by Van der 
Graaff (1) of the Massachusetts Institute of Technology, 
produce potential differences of from three to five 
million volts. 

One of the most ingenious, efficient, and successful 
machines is the cyclotron of E. O. Lawrence (2) of the 
University of California at Berkeley. Instead of pro- 
ducing high voltages directly, protons, deuterons, or 
helium nuclei are accelerated a hundred or more suc- 
cessive times each through a difference in potential of 
the order of 100,000 volts. A stream of hydrogen gas 
is ionized into protons (or deuterons) and electrons 
through contact with an electrically heated filament. 
This occurs at the center of an evacuated chamber, 
cylindrical in shape and between the poles of a powerful 
electromagnet. Here they move in circular paths in 
the magnetic field and in the space within two hollow 
D-shaped electrodes. These look as if they had been 
formed from a gigantic, old-fashioned pill-box cut in 
half vertically. The electrodes are connected to a 
source of current which alternates their polarity at 
intervals equal to the time required by a proton to 
describe a half-circle within a “Dee.” 

As each proton enters the gap between the ‘‘Dee’s,”’ 
it is attracted to the electrode of opposite polarity. 
Within this electrode and in the field of the magnet it 
describes a circular path. When it reaches the gap the 
polarity of the ‘‘Dee’s’’ changes and the proton gains 
in kinetic energy as it travels across the potential 
difference of the gap toward the other electrode which 
now is negatively charged. Since its velocity is greater 
when it enters this electrode, it moves in a circular path 
of greater radius. However, the time it takes to com- 
plete this greater distance is the same because of its 
increased velocity. Hence, it arrives at the gap at 
the instant the polarity again changes. After a 
hundred or more accelerations across the gap its velocity 
is so great that its path follows the circumference of 
the ‘‘Dee’s.”’ At this point a negatively charged plate 
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deflects the proton-stream through a thin foil window 
into the target of the element in which transmutation is 
to be induced. 

There are now nearly 20 cyclotrons in operation in 
this country. By far the largest will be the one under 
construction at Berkeley. This instrument will use 
a chamber 20 feet in diameter with 1,000,000 volts 


potential difference across the “‘Dee’s.’’ It will. ac- 
celerate protons to a kinetic energy of 100,000,000 
electror-volts. 

Neutrons have proved to be very effective agents of 
transmutation (3). Since they are without charge, 
they cannot be accelerated in a cyclotron. However, 
neutrons are easily generated by bombarding beryllium 
powder with alpha-particles from radon. Their effec- 
tiveness in transmutation is due to the lack of any force 
of repulsion between them and the target nuclei. 
Oddly enough, neutrons, moving at low velocities, are, 
in general, more effective than faster ones. 


TRANSMUTATION 


Transmutation reactions may be summarized by 
equations. The nuclei involved are designated by the 
symbols of the corresponding elements. The atomic 
number, or the charge on the particle, is placed below 
and to the left of each symbol; and its mass number, 
or isotopic mass to the nearest whole number, appears 
above and to the right. Thus, when Rutherford bom- 
barded nitrogen with alpha-particles, or helium nuclei, 
the isotope of oxygen of mass number 17 and protons 
were formed: 


* jN" + :Het > ,O" + HI 


In such equations the atomic numbers and the mass 
numbers balance. 


ARTIFICIAL RADIOACTIVITY 


In 1934, the Curie-Joliots discovered that the prod- 
ucts of certain transmutation reactions are radioactive. 
When aluminum is bombarded with alpha-particles, 
neutrons are emitted and a radioactive isotope of phos- 
phorus is formed: 


igh’ = ghle> eink) f= ett" 


These phosphorus atoms enter into a radioactive dis- 
integration hy emitting positions, or positive electrons: 


15P29 —> 4Si*9 + ,e° 


Thus, for the first time radioactive isotopes of the 
elements of low atomic numbers were produced. As 
in the cases of naturally radioactive elements, the rate 
at which artificially radioactive atoms disintegrate is 
proportional to their number and to their inherent 
tendency to disintegrate. Each type of radioactive 
atom is characterized by a half-life period, the time 
taken for half of the atoms, present at a given time, to 
disintegrate. Thus, the half-life period of radio- 
phosphorus, ;;P*, is 2.5 minutes. At the end of five 


minutes, one-fourth of the. original number will remain; 
after 10 minutes, one- 


after 7.5 minutes, one-eighth; 
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sixteenth, etc. The full-life of any radioactive element 
is always infinite and, therefore, has no significance. 
The shorter its half-life period, however, the greater 
its radioactivity. 

The discovery of the Curie-Joliots of artificial radio- 
activity was followed by the identification of many 
radioactive isotopes, until today, at least one such is 
known for each of the elements in the periodic table (4). 
A given kind of radioactive atom may be prepared by 
several different transmutation reactions. Thus, ra- 
diophosphorus may be prepared as follows: 


13Al?7 + 2»Het — ,;P3° + on! 
105°? -+- 1H? —> 1;P®° + »He* 
Radioactive sodium results from several transmuta- 
tions: 
13Al?” + on! — ,,Na** + ,Het 
i2Mg*4 + on! > 1,Na* + 1H} 
uNa*s + ,;H? — ;,Na*4 + ,H! 
However prepared, radiosodium disintegrates as fol- 
lows: 
WINGa —Psheg~ -p- 16° 
The usefulness of a given radioactive isotope is in large 
measure determined by its half-life period. If this be 
too short, the isotope is too unstable to be useful. In 
Table I, the properties of radioactive isotopes of the 
more common elements are listed. Under ‘‘Source”’ 


in this table are listed the symbols of the target elements 
followed by the bombarding particles in parentheses. 


TABLE I 
THE PROPERTIES OF RADIOACTIVE ISOTOPES OF COMMON 
ELEMENTS* 
Par- 
ticle Half-life 

Symbol emitted period Source 

,H3 _ e? ~31 yrs. H?(d) 

eC! 41e° 20.5 min. B(d), B(p), C(n) 

6Cl4 _e®  ~1000 yrs. C13(d), N(n)° 

7N!8 41e° 11 min. B(a), N(n), C(d), C(p) 
3015 41e° 126 sec. N(d), O(n) 

gk 18 41e2 112 min. Ne(d), O 

uNa*4 -e® 14hrs. Na(d), Na(n), Al(n), Mg(n), 

Mg(d) 

wMg” —_,e® 10.2 min. Mg(d), Al(n), Mg(n) 
Si! _e° 170 min. Si(d), P(n), Si(n) 

15P32 -e® 14.5 da. P(d), S(d), P(n), S(n), Cl(n) 
169° _,e° 80.da. Cl(n) 

i7Cl34 41e° 33 min. P(a), S(d), Cl(n) 
igK 42 -e® 12.2 hr. K(n), Ca(n), K(d), Se(n) 
Cats ~e® 180 da. Ca(n), Ca(d), Se(n) 
oF e5? ie? «640 da. Co(n), Fe(d) 
531 128 1e® =.25 min. I(n) 


* For a more complete list see LIVINGSTON AND BETHE, Rev 
Mod. Phys., 9, 359 (1937). 


DETECTION 


Since the products of a transmutation, including 
those of radioactive disintegration, are moving in 
general with high velocities, they are able to strip 
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electrons from the atoms of any gas in their paths. 
Charged gas ions are produced by these encounters and 
the gas becomes a conductor of electricity. If such 
ionization occurs in a dust-free atmosphere, super- 
saturated with water vapor, liquid water-droplets con- 
dense on each gas ion. The track of the product of 
disintegration becomes visible and can be photographed. 
This, in brief, is the principle of the Wilson cloud- 
chamber. 

More frequently used, however, is the Geiger-Miiller 
counter. This instrument consists of a cylindrical 
cathode and a wire anode placed at the axis of the 
cylinder. Both electrodes are sealed in a glass tube 
filled with a dry gas at a pressure of about 0.1 atm. 
The product of transmutation enters the counter 
through a thin window and creates ions by stripping 
electrons from the gas-atoms in the tube. These ions 
are accelerated sufficiently toward the electrode of 
opposite charge to ionize additional gas-atoms. The 
increased conductivity of the gas owing to this ion- 
formation causes a momentary discharge in the tube 
which can be magnified in the external circuit by 
vacuum-tube amplification. The amplified current 
is sufficient to produce a “‘click’”’ in a loud speaker, a 
“count” in a counting device, or to move a stylus on a 
recording drum. Electrons, both negative and positive, 
emitted by the nuclei of radioactive atoms, can be 
readily detected by this device. 


PROPERTIES OF TRACER ISOTOPES 


It must be kept in mind that isotopes are atoms of 
the same element which differ only in the number of 
neutrons in their nuclei. The charge of the nucleus 
of each isotopic atom is the same, and so also is the 
number of planetary electrons. Hence, in their 
chemical properties, isotopes are identical. Most of 
the elements are mixtures of isotopes. However, the 
relative amounts of each isotope are the same in all 
samples of the element. The fact that these propor- 
tions have remained constant and that no concentration 
of one isotope at the expense of the others has occurred 
(5) is excellent evidence that the isotopes of an element 
have the same chemical properties. 

If radioactive atoms are mixed with non-radioactive 
atoms of the same element they will thereafter be in- 
separable, regardless of the number of chemical changes 
through which the element passes. But throughout 
the course of these changes the activities of the radio- 
active isotope, and therefore of the non-radioactive 
atoms of the element, may be followed by Geiger- 
Miiller counters or other suitable means. Hence the 
name, “‘tracer-atoms,” has been given to radioactive 
atoms used in this way to trace the course of an element 
through changes in all ordinary chemical, physical, 
and physiological systems. 

If a process is known by which the stable isotopes of 
an element may be separated (6), it is possible to en- 
rich a sample of an element with one of its isotopes. 
Thereafter, the presence of this enriched sample may be 
detected by means of a mass-spectrometer. This is 
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a more laborious process than the detection of radio- 
activity. Yet it must be resorted to when radioactive 
isotopes of long enough half-life periods are lacking. 


APPLICATIONS OF THE PRODUCTS OF TRANSMUTATION 


Some idea of the many problems which have been 
studied by the use of tracer isotopes may be obtained 
from the chart on the following page. 


CHEMISTRY 


In the field of chemistry, tracer isotopes were first 
used by Paneth and Hevesy as early as 1913 (7). 
Since at that time induced radioactivity and even 
artificial transmutation were unknown, this pioneer 
work was limited in its scope by the few naturally 
radioactive isotopes of stable elements available. Thus 
radium D, radium E, and actinium C”, isotopes of 
lead, bismuth, and thallium, respectively, were the 
only tracer isotopes that could be used. Nevertheless, 
many studies were made of the mechanism by which 
atoms are exchanged in chemical reactions, on the rate 
at which lead atoms diffuse in lead crystals, on oxida- 
tion-reduction couples and on the metabolism of 
animals and plants. 

In the field of analytical organic chemistry the 
problem of the quantitative separation of organic com- 
pounds from complicated mixtures in biological ma- 
terial is extremely difficult. In the analysis of a 
protein the quantitative isolation of the amino-acid- 
hydrolysis products presents a problem which is 
practically insoluble. It is possible to isolate all of a 
given acid but have the product impure, or to prepare 
some of the pure acid. Here the use of tracer isotopes 
comes to the rescue. If x grams of glycine, which con- 
tains an a per cent excess of N", are added to the 
mixture of amino acids obtained by the hydrolysis of a 
protein, the added material cannot be separated from 
the glycine in the hydrolysis mixture. Ifa pure sample 
of glycine is then extracted from the mixture which 
contains a b per cent excess of N™, the amount of 
glycine in the original mixture (y) is given by the 
equation: 





Since N® is not radioactive, the relative proportion of 
this isotope mixed with the more abundant N‘ must 
be determined in a mass-spectrometer. 

The synthesis of organic compounds containing 
tracer isotopes has presented many new problems. If 
the tracer atoms are non-radioactive or relatively long- 
lived, the problem may be solved by the traditional 
methods of synthetic organic chemistry. Radio- 
phosphorus with a half-life period of 14.5 days belongs 
to this type. On the other hand, to incorporate radio- 
carbon (half-life = 20.5 minutes) atoms in organic 
molecules of any complexity requires that new faster 
methods of synthesis be developed. Cramer and 
Kistiakowsky (8) have been able to synthesize lactic 
acid in less than two hours from elementary carbon. 
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By far the most important elements in organic 
chemistry are carbon, hydrogen, oxygen, and nitrogen. 
We have mentioned the relatively shortlived C1! 
The other radio-carbon, C"*, has a far longer half-life 
of about 1000 years and can be produced by carbon- 
deuteron or nitrogen-neutron transmutations (9). Deu- 
terium, or heavy hydrogen, is available commercially 
for tracer work but is not radioactive. Tritrium, 
1H, is radioactive but its feeble radioactivity makes it 
a poor tracer-isotope. No isotopes of sufficiently long 
life are available for oxygen and nitrogen. The stable 
isotope, N™, will be available soon commercially. 

In gravimetric analysis the radio-elements are so 
easily detected that it has been possible to test the 
completeness of a precipitation, the efficiency with 
which a precipitate may be washed, the aging of a 
precipitate, and the error in an analytical procedure. 


SYNTHESIS OF ATOMS OF UNKNOWN ELEMENTS 


In 1934, four elements of atomic numbers 43, 61, 85, 
and 87 were unknown. The last of the alkali metals, 
87, was detected by Mlle. Perey (10) as a member of the 
actinium series of radioactive elements. Element 43 
in Group VIIA with manganese was prepared as a 
product of the transmutation of molybdenum (42) 
under neutron or deuteron bombardment (11). The 
halogen of atomic number 85 was prepared by bom- 
barding bismuth with alpha-particles (12). Finally 
element 61,.a rare earth, was formed by the trans- 
mutation of neodymium by deuterons (13); but because 
of the similarity in the chemical reactions of the rare- 
earths, its properties could not be determined. The 
properties of elements 43 and 85 have been determined 
although only about 10~'* grams have been produced. 
Since these isotopes are radioactive, the part that they 
play in various chemical reactions can be followed. 
With this knowledge it is possible to predict in what 
types of minerals they may be found and the steps to 
be taken in their extraction. 


METALLURGY 


The diffusion of metal atoms within crystals and 
across crystal boundaries is of the greatest importance 
to metallurgy. The annealing of ingots and forgings, 
the process of age hardening, quenching and precipi- 
tation hardening, metallic diffusion coatings, oxidation, 
and the preparation of alloys by annealing of mixed 
metal powders are a few of the many phenomena in 
which diffusion plays an important role. By studying 
the diffusion of tracer atoms through a homogeneous 
medium it is possible to determine the number of single 
moves made by an atom in a given time. This evi- 
dence provides the means of testing any theoretical 
model for the mechanism of diffusion. 


ANIMAL METABOLISM 


By feeding animals with synthetic fats and amino 
acids in whose molecules tracer atoms are present, it 
has been possible to investigate the occurrence and the 
rate of metabolic reactions. The most striking in- 
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formation (14) obtained from these studies is the 
relatively high rates at which complex reactions occur 
in the body. Esterification and hydrolysis, hydro- 
genation and dehydrogenation occur continuously in 
fat metabolism. Fatty acid chains are shortened or 
lengthened. Proteins are hydrolyzed and new ones 
synthesized. Amino acids lose their alpha-amino 
groups and to other substances such groups are added. 

Using radioactive iron, Whipple, Hahn, and their 
colleagues (15) have investigated iron metabolism in 
normal and in anemic animals. Radioactive iodine 
(16) is being used to study the functioning of the 
healthy and diseased thyroid gland, which plays such 
an important role in the regulation of growth and body 
heat. 

Synthetic vitamin B,, containing radio-sulfur, has 
been used to study its storage, utilization, and excre- 
tion (17). It has been found that ten per cent of this 
vitamin is used up daily in the human body. 


PLANT METABOLISM 


Kamen, Ruben, and their collaborators (18) have 
studied the mechanism of photosynthesis in plants 
using carbon dioxide in which was incorporated the 
short-lived radiocarbon, C!'. They propose a tentative 
mechanism for photosynthesis in which neither form- 
aldehyde nor organic acids of low molecular weight 
function. The first step involves the addition of 
carbon dioxide to a compound of large molecular 
weight. 

RH + CO, — RCOOH 


This is not a photochemical process. The second step 


RCOOH + H.0 — RCH.OH + O, 


occurs only in the sunlight. 

The upward path of minerals in plants (19) has been 
studied by feeding radio-tracers of potassium, sodium, 
phosphorus, and bromine to plants rooted in solution 
or sand media. The amounts of active material in 
different sections of bark and wood were determined. 
These experiments seem to show that at least the greater 
proportion, if not all, of the minerals rise through the 
wood rather than the bark. 


RADIATION THERAPY 


Several elements in the diet find their way to and are 
localized in certain tissues of the body; e. g., iodine in 
the thyroid gland and phosphorus in the skeletal 
structure. It is possible, if these parts be diseased, to 
subject them to irradiation by administering radio- 
active isotopes of these elements. Thus, J. H. Law- 
rence and his collaborators (20) have made use of the 
fact that phosphorus is concentrated in the bone mar- 
row in humans by treating cases of leukemia with 
radio-phosphorus. The results with chronic leukemias 
have been encouraging. 

Irradiation of certain types of cancer by fast neutrons 
seems to offer certain advantages over X-radiation. 
Since slow neutrons are readily captured by boron and 
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lithium and the resulting transmutations liberate ener- 
getic alpha-particles, attempts are being made by 
Kruger and others (21) to localize these elements in 
tissues to be irradiated. 

One cannot help being impressed by the rapidity 
with which discoveries in the field of nuclear physics 
have been put to practical use. Ten years ago, a 
cyclotron was a luxury which few universities could 
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afford. Its products are formed in such meager 
amounts that they cannot be weighed. Ten years ago 
such research was pure science indeed. Today the 
products of transmutations are used in the steel mill 
and in the hospital. Physicists, chemists, and physi- 
ologists have pooled their knowledge and resources and 
with such collaboration who can predict what will de- 
velop in the future? 
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‘ Reeent Developments in Ineendiaries 


Editor’s Note: The special interest which all teachers and students of 
chemistry have in chemical warfare, including the use of incendiaries, 
makes it appropriate and desirable to reprint below the most recent infor- 
mation from the Office of Civilian Defense on new types of incendiary 
bombs now being used by the enemy, and the precautions which should be 
observed in combatting them. ° 


TYPES OF ENEMY BOMBS 
A. German 


1. One-Kilogram Magnesium Incendiary. This is 
the ordinary 2.2-pound fire bomb. It has been used 
more than any other during raids over England. 

2. One-Kilogram Incendiary and High Explosive 
with an extension of the nose containing a heavy ex- 
plosive charge. Total weight: 5 pounds. Size: 17 
inches long without tail, or 21 inches altogether. 
Effect: the incendiary part of the bomb ignites upon 
landing, but the explosive charge may go off at any 
time up to 7 minutes later! The explosive part may 
become detached on landing and roll away from the 
incendiary part. 

3. 50-Kilogram Incendiary and High Explosive. 
Weight: 110 pounds. Size: about 30 inches long and 
8 inches in diameter. Comes in a casing the same size 





and shape as the 110-pound high explosive bomb. 
Effect: on impact it throws out 60 small metal con- 
tainers with thermit-type filling and 6 larger tumbler- 
shaped fire pots containing a magnesium-type, pre- 
ignited filling. Almost immediately after ejecting 
the incendiary units, a 12-pound charge of TNT in 
the bomb’s nose explodes. 

4. 50-Kilogram Phosphorus Incendiary. Size: 
comes in a casing similar to that of the 110-pound high 
explosive bomb. Effect: contains only the usual type 
of fuse to split the casing open on impact and scatter 
the sticky liquid content, which, because of the phos- 
phorus, ignites spontaneously. 


B. Japanese 


1. One-Kilogram Incendiary. Size: about 10 inches 
long and 3 inches in diameter. Weight: about 2 
pounds. The ‘filling of the bomb consists of red 
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phosphorus and has an exploder tube filled with picric 
acid. Effect: on landing the picric acid in the ex- 
ploder tube is ignited. This causes the firing of the 
red phosphorus. At the same time, the bomb explodes 
into small fragments which have a shrapnel effect 
up to approximately 50 yards. 

2. 50-Kilogram Phosphorus Pellet. Size: about 
40.5 inches long and 4.5 inches in diameter. It is 
filled- with many rubber pellets impregnated with 
phosphorus. Effect: when the bomb falls, the fuse 
ignites the exploder tube charge within, ruptures the 
case, scattering the pellets to distances of as much as 
50 yards. When the pellets dry out, the phosphorus 
ignites the rubber, causing small fires which burn 5 to 
7 minutes with a flame 4 to 6 inches high. This is 
accompanied by a gray smoke with the odor of burning 
rubber. 

3. 60-Kilogram Thermit Incendiary. Size: about 
40 inches long and 8 inches in diameter. It has an 
exploder charge and a main filler consisting of 3 electron 
inserts filled with thermit. Effect: on explosion the 
burning inserts are scattered and act as separate thermit 
incendiary bomks thus increasing the radius of damage. 

4. 60-Kilogram Solid Oil Incendiary. Size: about 
42 inches long and 9.5 inches in diameter. It is filled 
with solidified inflammable oil which surrounds a tube 
filled with thermit and quick match running through 
the center of the bomb. Effect: on explosion the 
inner case containing the oil is ejected, and the oil is 
ignited by the burning thermit. 


GREATER FIRE THREAT 


Fire continues to be the greatest danger. Regard- 
less of what type of fire bomb the enemy uses—or may 
devise—his chief objective is to start fires. The spread 
of fire is a greater danger than the bomb itself. 


PROTECTIVE COVER 


The new enemy bombs make it urgent that the 
fire-fighter use the best available cover. No longer 
is an overturned chair or davenport, door or thin 
plaster wall sufficient protection. Only a solid wall, 
the equivalent of brickwork or concrete block 4.5 
inches thick is considered full protection against the 
explosive charge now being used with a time fuse in 
small magnesium bombs. IF FULL PROTECTIVE 
COVER IS NOT AVAILABLE, THE FIRE- 
FIGHTER MUST ATTACK THE BOMB AND 
FIRE, REGARDLESS OF RISK. In such instances, 
the best available cover should be used. To further 
minimize personal danger, the fire-fighter should 
operate from a crouching or prone position. 


JET OF WATER 


Just as fire is the greatest danger in these new enemy 
bombs, so water continues to be the best weapon to 
fight them. The best way to fight fires was outlined 
in the OCD instructions of July, 1942—a jet or direct 
stream of water. Except by the Japanese, the small 


fire bomb without explosive charge is still the most 
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widely used type. If bombs fall where they cannot 
start fires, they should be left to burn themselves out. 
Elsewhere, however, they must be attacked promptly! 
In bombs containing phosphorus, the phosphorus may 
be extinguished by water, but will break into fire 
again if allowed to become dry. 


WATER-DISPENSING DEVICES 


Water must be depended upon! Some suitable 
water-dispensing devices are stirrup pumps, pump 
tanks, water-type extinguishers, and garden hose 
(when water pressure permits). The jet of water 
need not be directed at the bomb itself but at the 
surrounding area. The fire fighter should not neces- 
sarily expose any part of the body other than one 
hand. Reason: to permit the wetting of inflammable 
material within range of the bomb and to help halt the 
spread of fire without undue personal exposure until 
the explosive charge has gone off. 

The new enemy bombs make it absolutely necessary 
that water be stored in the home. At least ten gallons 
of water should be kept on hand at all times and 
placed where it can be easily reached. Any improvised 
containers may be used—old paint cans, oil cans, coal 
skuttles, water-tight wooden buckets, casks, and 
barrels. Containers previously used for sand should 
now be used for water. 

Thanks to a jet of water, the operator can work at 
a much greater distance than with the ‘‘short-range’’ 
method of employing sand, a spray of water, or other 
smothering agents. Because the new bombs upon 
explosion have a greater fragmentation effect than the 
explosive incendiary formerly used, sand cannot be 
depended upon. The use of sand or a spray of water, 
as recommended formerly, must now be ruled out 
as dangerous and ineffective. ‘Bomb-extinguishing”’ 
powders and special devices such as scoops, grabs, 
and snuffers are not only useless but may even en- 
danger the lives of those who foolishly depend upon 
such devices for protection. 


ONE FINAL WORD 


After every raid, the premises should be searched 
thoroughly. Unexploded bombs should be reported 
instantly to the Air Raid Warden who will initiate 
proper action. Where bombs containing phosphorus 
have been used, all contaminated articles should be 
kept wet until the phosphorus can be properly re- 
moved. Physical contact with fragments of such a 
bomb or with any ground or equipment splashed with 
the liquid should be avoided. 

As our enemy desperately seeks to incite fear in 
civilian ranks, our fire-fighters must be alert, informed, 
and trained to meet the unexpected. 

This is not necessarily the last word on the subject. 
Already our enemy may be devising newer and deadlier 
bombs! Remember that fire (not the bomb) is the 
chief danger and a jet of water is still the best weapon. 
Keep yourself advised of the latest official instructions 
issued by the Office of Civilian Defense. 











A Simple and Permanent Tyndall Cone Apparatus 
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Central High School, Philadelphia, Pennsylvania 


HE APPEARANCE of a cone when a beamof apparatus. It would thus seem to be highly desirable 
light is passed through matter in the colloidal state to set up an apparatus which would once and for all be 
was noticed by Faraday. It was also studied by John rigidly fixed so as to be ready for use at a moment’s no- 
Tyndall, after whom the phenomenon was named the _ tice. Suchacontrivance would be fool-proof, economical 
of time, independent of weather conditions, and compact. 
Experimentation with these requirements in mind 
has resulted in the apparatus herein illustrated. (See 
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FIGURE 1.—-SIMPLE AND PERMANENT TYNDALL CONE APPARATUS 
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“Tyndall cone effect.’’ This phenomenon is a beauti- -_ i - 
ful one and generally arouses much interest in the q g 
student of chemistry. Although it should be easy to \ > h 
demonstrate, a large number of teachers omit to do so ees tee Ld, 








for lack of a good light source or because it is not always 








easy to set up a sharply focusing system in a short time. < 3 By > 

Having made the necessary adjustment of distances 4 

between light source, lens, aad specimen of colloidal 

matter, there is no carry-over for the next school term FIGURE 2.—D1AGRAM OF APPARATUS 

so that the demonstrator must again waste time and a = glass top; b = lens; ¢ = lens-support (wooden); "d = 


: : : : wooden box or case; e¢ = 6.3-volt radio pilot lamp; f = “C. H.’ 
tax his patience while he stumbles once more, by trial toggle switch; g = cord; h = 6-volt, bell-ringing transformer; 


and error, upon the correct spacing of the parts of ther = light rays. 
om 61 
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Figure 1.) The f 3.0 lens (see b, Figure 2), one inch 
diameter or +15 diopters, was taken from an old, very 
inexpensive moving-picture projector. The bell-ring- 
ing transformer, h, is of 6-volt rating, to which a 6.3- 
volt radio pilot lamp, e, is connected. A small toggle 
switch (Cutler-Hammer), f, is placed into the circuit 
for convenience, although it is hardly necessary and 
may easily be omitted. 

To determine the exact position of all of the parts 
before fixing them rigidly, the lens first is supported by 
a ring stand, the ring of which is very small. The 
lamp and transformer are then placed at the base of the 
stand and a beaker containing matter in the colloidal 
state is placed upon another ring above the lens. The 
contents of the beaker may be very dilute starch paste 
or water containing a few drops of India ink. A little 
cylinder of paper is slipped over the lamp to reduce its 
glare upon the experimenter’s eyes. The room is now 
made totally dark. The positions of lens and beaker 
are varied with respect to the lamp until the best cone 
is obtained. Measurements of these distances between 
lamp, lens, and beaker are now made and recorded. 
More brilliant cones may be obtained by using larger 
lamps, but the use of these requires higher current 
transformers and consequent provision for ventilation 
to take care of the heat generated. No such provision 
is necessary with the parts used in our apparatus. A 
wooden box, d, with window-glass top, a, is now built 
from the measurements ascertained by experimenting 
with the ring-stand apparatus described above and the 
parts permanently encased as shown in Figure 2. The 
lens may be emplaced over the perforation of either a 
wooden or a metal support. It is wise to make the box 
of such design that one wall may be easily removed in 
order to facilitate inspection and repair of the appara- 
tus when necessary. The apparatus may now be 
painted. 

The use of this apparatus for demonstrating the 
Tyndall cone effect is very simple and very satisfactory. 
It is only necessary to take it and a glass cylinder or 
beaker containing colloidal matter into a blacked-out 
room. With the cord plugged in, the cylinder or beaker 
is placed upon the glass top of the box and a beautiful 
cone results. Figure 3 is a photograph of results ob- 
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FIGURE 3.—CONE EFFECT IN STARCH 


tained with starch. India ink and gamboge may be 
used with equal success. These materials are used in 
very great dilution. The starch is prepared by adding 
a few drops of a thin starch paste to about 100 cc. of 
water and stirring. Either more water or starch is then 
added as dictated by the sharpness of the cone ob- 
tained. The procedure for preparing the India ink is 
similar to that for starch, a few very small drops being 
used per 100 cc. In the case of colloidal gamboge only 
a small pinch of the material is required. 

The entire apparatus can be built at the cost of less 
than two dollars, if second-hand parts are not available. 





There’s enough steel used in making one auto to make 26 heavy machine guns. 


Seven auto tires use the rubber for one bomber tire. 


Solder and alloys in a medium tank require as much tin as would 10,000 food cans. 
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An Exhibit of Chemical Substances 


Mentioned in the Bible 


MARY ELVIRA WEEKS, University of Kansas, Lawrence, Kansas 


A permanent exhibit of chemical substances mentioned in the Bible has been placed on 


display in the Bailey Chemical Laboratories at the University of Kansas. 


It includes 


eight elements (six metals and two non-metals), an acid, certain bases, salts, alloys, 
organic substances, glass and its constituents, clay, and brick. Since the substances 
exhibited are inexpensive and readily obtainable, the collection can be easily duplicated. 
Gems have been omitted. not merely for economy but also because it is often incorrect to 


identify a Biblical gem with the modern stone known by the same name. 


Pharma- 


ceutical substances have also been omitted. 


I. SUBSTANCES EXHIBITED 


SPECIMEN VERSE SPECIMEN VERSE 
Chemical Elements 
Gold Job 28, 1 Lead Jer. 6, 29 
Silver Ps. 12, 6 Iron Job 19, 23-4 
Copper Ezra 8, 26-7 Sulfur Gen. 19, 24 
Tin Ezek. 27, 12 Carbon John 21,9 
Acid, Bases, Salts, and Water 
Vinegar Prov. 10, 26 Oriental Mat. 26, 7 
alabaster 

Washing Soda Prov. 25, 20 

Jer. 2, 22 Salt Mat. 5, 13 

Mark 9, 50 
Lime Isa. 33, 12 Water Job 6, 15-17 
Gypsum Deut. 27, 2 Job 36, 27-8 
An Alloy 
Bronze II Kings 25, 13-14 
Organic Substances 

Asphalt Gen. 6, 14 Beeswax Micah 1, 4 

Gen. 11,3 
Olive Oil Ex. 27, 20 Tyrian Acts 16, 14 

purple 
. 
An Inorganic Pigment 

Stibnite IV Kings 9, 30 (Revised Douai Version) 

Jeremias 4, 30 (Revised Douai Version) 

II Kings 9, 30 (Authorized Version) 

Jeremiah 4, 30 (Authorized Version) 

Glass and Its Constituents 
Rock Crystal Rev. 4, 6 Glass Job 28, 12, 17 
Sand Hosea 1, 10 Rev. 21, 18, 21 
Clay and Brick 
Cuneiform Isa. 64, 8 Brick Ex. 1, 13-14 
tablet 


II. -PREPARATION OF THE EXHIBIT 


OLD LEAF and the other metals in the form of 
powders, sheet, foil, wire, or granules, roll sulfur, 
unbleached beeswax, and the other substances on the 
preceding list can be bought at small expense. An- 
cient niter was similar to California trona; if this is 
not available, ordinary washing soda (sal soda) will 
serve the purpose. The Tyrian purple is easily ob- 
tainable under the name of 6:6’ dibrom indigo. Wide- 
mouthed, cylindrical, screw-capped vials make suitable 
containers for the liquid and powdered specimens. 
The case should be arranged as shown in the photo- 
graph, (see Frontispiece) with the labels and Bible 
verses placed below the specimens. The verses may 


be typewritten, or Bible portions (obtainable at from 
one to five cents apiece from the great Bible publica- 
tion societies) may be used to display them without 
removing them from their proper context. 


The rele- 
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vant verses should be marked with small gold 
stars. The distance between the shelves should be 
great enough to allow room for the specimens and. the 
Bible portions. A metal strip at top and bottom will 
hold the pages in place without use of thumb tacks. 
The collection can be made in portable form if pre- 
ferred. Many visitors appreciate receiving mimeo- 
graphed copies of the Biblical references for future 
study. 


III. CHEMICAL ELEMENTS 


Metals 


The six metals mentioned in the Bible are gold, 
silver, copper, tin, lead, and iron. Eleazar the priest 
classified them all as substances that can be purified 
by fire: “‘the gold, and the silver, the brass, the iron, 
the tin, and the lead’ (Num. 31, 22).!' The word 
brass in this passage means bronze, an alloy of copper 
and tin. Isaiah’s vision of the new Jerusalem there- 
fore implies knowledge or application of five of these 
metals. In the Smith-Goodspeed translation, it reads 
as follows: 


“Tnstead of bronze will I bring gold, 

And instead of iron will I bring silver; 

And instead of wood, bronze, - 
And instead of stones, iron; 

And Peace will I make your government, 

And Righteousness your ruler” (Isa. 60, 17) (19). 


The same metals were also known to Daniel (Dan. 
2, 32-3; 5, 4). The modern Brazilian Portuguese 
translation, however, reads copper (cobre) instead of 
bronze in all these passages (53). 

In the missing portion of the second book of Esdras 
which the British Orientalist Robert L. Bensly dis- 
covered at Amiens and published in 1875, the angel 
says (in speaking to Ezra of the earth), ““You produce 
gold and silver and copper and also iron and lead and 
clay. But silver is more abundant than gold, and 
copper than silver, and iron than copper, lead than 
iron, and clay than lead”’ (II Esdras 7, 55-6) (19). 

1. Gold.—The reference in Genesis to the good 
gold of Havilah (the sand land) is evidence of the 





1 Except where otherwise stated, the Biblical quotations in 
this article are fromthe Authorized Version. 
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great antiquity of this metal (Gen. 2, 11-12). Its 
malleability and ductility were already recognized and 
utilized when Aaron’s vestments were embroidered: 
“And they did beat the gold into thin plates, and cut 
it into wires, to work it in the blue, and in the purple, 
and in the scarlet, and in the fine linen, with cunning 
work”’ (Ex. 39, 3). 

In the time of David and Solomon, both precious 
and useful metals were available in great quantities. 
In charging Solomon to build the Temple, David said, 
“Of the gold, the silver, and the brass, and the iron 
there is no number” (I Chron. 22, 14, 16). The word 
brass in this passage means bronze (19). Solomon’s 
fleet, manned by his servants and King Hiram’s ex- 
perienced Tyrian sailors, embarked from Ezion-Geber, 
near Eloth in the land of Edom on the Red Sea, pro- 
ceeded to Ophir, and returned with four hundred and 
twenty talents (more than twelve million dollars’ 
worth) of gold (I Kings 9, 26-8). Nelson Glueck 
believes that the port city of Ezion-Geber and its 
successor Elath (sic) were located at the north end of 
the Gulf of ‘Aqabah in the Early Iron Age (61). 

In the prophetic book of Isaiah (as translated by 
Alex. R. Gordon) stands the promise: 


“T shall still the pride of the arrogant, 

And shall bring low the haughtiness of tyrants; 

I shall make man rarer than fine gold, 

Mankind more rare than gold of Ophir” (Isa. 13, 12) (19). 


Gold was brought from Ophir, Arabia, Sheba, and (toa 
lesser extent) from Uphaz (the high country) and 
Parvaim (Jer. 10,9; II Chron. 3,6; 9, 1,14). When 
Carsten Niebuhr traveled through Arabia in 1761-63, 
he stated that the Greeks and Latins had often men- 
tioned the immense quantities of gold produced there. 
He said, however, “In remote times possibly, when 
the Arabians were the factors of the trade to India, 
much of this precious metal might pass through 
Arabia into Europe; but that gold was probably the 
produce of the mines of India. At present, at least, 
there is no gold mine in Arabia. . .” (42). The first 
book of the Maccabees mentions the silver and gold 
mines of Spain: ‘‘Now Judas had heard of the fame 
of the Romans. ... It was told him also of their 
wars .. . and what they had done in the country of 
Spain, for the winning of the mines of the silver and 
gold which is there . . .”” (I Macc. 8, 1-3). 

The metallurgical parables and analogies, like the 
agricultural ones, express some of the loftiest truths 
in the Scriptures. Metallurgical processes for the 
precious metals are described in Malachi, the Psalms, 
and the Proverbs: ‘“‘But who may abide the day of 
his coming? and who shall stand when he appeareth? 
for he is like a refiner’s fire, and like fullers’ soap: 
And he shall sit as a refiner and purifier of silver: and 
he shall purify the sons of Levi, and purge them as 
gold and silver, that they may offer unto the Lord an 
offering in righteousness” (Mal. 3, 2-3). ‘‘For thou, 
O God, hast proved us: thou hast tried us, as silver 
is tried’”’ (Ps. 66, 10). ‘‘The fining pot is for silver, 
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and the furnace for gold: but the Lord trieth the 
hearts” (Prov. 17, 3). ‘“‘As the fining pot for silver 
and, the furnace for gold; so is a man to his praise’ 
(Prov. 27, 21). Alex. R. Gordon translates this as 
“smelter” instead of fining pot (19). The modern 
Spanish and Brazilian Portuguese translations, how- 
ever, use the word ‘‘crisol,’’ or crucible (50, 53). 

The art of working gold is exceedingly ancient. 
The two leading goldsmiths who accompanied Moses 
through the wilderness were Bezaleel of the tribe of 
Judah and Aholiab of the tribe of Dan, who were 
highly skilled in metal-working and in many other 
arts (Ex. 31, 1-11; 35, 30-35; 38, 22-3). Moses 
himself was doubtless familiar with these crafts, for 
(according to Luke) he “was learned in all the wisdom 
of the Egyptians’ (Acts 7, 22). Isaiah mentioned 
the goldsmith’s art as applied to the construction of 
idols: ‘‘So the carpenter encouraged the goldsmith. . . . 
They lavish gold out of the bag, and weigh silver in 
the balance, and hire a goldsmith; and he maketh it a 
god ...’’ (Isa. 41, 7; 46, 6). 

Peter considered steadfast Christian faith more 
precious than gold ‘‘tried by fire’’ (I Peter 1,7; 4, 12). 

2. Silver—Uncoined silver, weighed out in the 
presence of witnesses, was used for exchange at least 
as early as the time of Abraham (Gen. 23, 16). Jere- 
miah, too, weighed out the silver when he purchased 
the family inheritance, Hanameel’s field (Jer. 32, 9-10). 

In the ancient cupellation process of refining gold 
and silver, the impure metal was heated in a cupel 
(a shallow, porous cup of bone ash) by means of a 
blast of air. The base metals, such as lead, tin, iron, 
and copper, were thus oxidized and absorbed into the 
porous cupel, leaving a button of unoxidizable, noble 
metal behind. Unless lead was already present as an 
impurity, it was added before the cupel was heated. 
About seven and a half centuries before the birth of 
Christ, Isaiah referred to this process as follows: 
“And I will turn my hand upon thee, and purely purge 
away thy dross, and take away all thy tin’ (Isa. 
1, 25) (1). The modern Brazilian Portuguese transla- 
tion of this verse reads: “‘voltarei a minha mao sobre 
ti, e purificarei como com potassa a tua escoria, e 
tirarei de ti todo o teu estanho”’ (53). 

A century and a half later, Jeremiah described the 
cupellation process more vividly in his rebuke to 
backsliding Judah. Although the metallurgical mean- 
ing is evident in the Authorized Version, it is brought 
out still more clearly in the translation by Alex. R. 
Gordon: 

“‘T have made you an assayer and tester among my people, 

That you may prove and assay their ways. 

For they are all of them hardened rebels, 

Dealers in slander; 

They are all of them bronze and iron, 

Wholly corrupt. 

The bellows are scorched with the fire, 

The lead is consumed; 

But in vain does the smelter keep on smelting, 

The dross is not drawn out. 


‘Refuse silver,’ are they called, 
For the Lord has refused them’’ (Jer. 6, 27-80) (1, 19). 
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The process failed in this case because the scorched 
bellows could not provide the necessary blast of air 
(symbolic of the Divine Spirit) (1). The modern 
Spanish translation interprets the 29th verse differ- 
ently, however: ‘‘Los fuelles soplan furiosamente; 
de su fuego resulta plomo . . . (The bellows blow 
furiously; from their fire, lead results ...’’), (50). 

Jeremiah also mentioned sheet silver. For the 
embellishment of an idol, “Silver spread into plates 
is brought from Tarshish, and gold from Uphaz, the 
work of the workman, and of the hands of the founder: 
blue and purple is their clothing: they are all the work 
of cunning men” (Jer. 10, 9). The Smith-Goodspeed 
translation refers to these metals as “‘beaten silver from 
Tarshish” and ‘“‘gold from Ophir’’ (19). 

In the parable of the dross in the furnace, Ezekiel 
described the cupellation process in detail: ‘‘And the 
word of the Lord came unto me, saying, Son of man, 
the house of Israel is to me become dross: all they 
are brass, and tin, and iron, and lead, in the midst of 
the furnace; they are even the dross of silver. There- 
fore thus saith the Lord God; Because ye are all be- 
come dross, behold, therefore I will gather you into 
the midst of Jersusalem, As they gather silver, and 
brass, and iron, and lead, and tin, into the midst of 
the furnace, to blow the fire upon it, to melt it; so 
will I gather you in mine anger and in my fury, and 
I will leave you there, and melt you. Yea, I will 
gather you, and blow upon you in the fire of my wrath, 
and ye shall be melted in the midst thereof. As 
silver is melted in the midst of the furnace, so shall 
ye be melted in the midst thereof; and ye shall know 
that I the Lérd have poured out my fury upon you” 
(Ezek. 22, 17-22). 

Zechariah, too, used a metallurgical analogy to 
portray the saving of a remnant of the people in 
Jerusalem: ‘‘And it shall come to pass, that in all the 
land, saith the Lord, two parts therein shall be cut 
off and die; but the third shall be left therein. And 
I will bring the third part through the fire, and will 
refine them as silver is refined, and will try them as 
gold is tried: they shall call on my name, and I will 
hear them: I will say, It is my people: and they shall 
say, The Lord is my God” (Zech. 13, 8-9) (1). The 
metallurgical analogies in the Bible were thoroughly 
discussed and explained by James Napier (1810-84), 
a Scottish dyer and chemist who studied under Thomas 
Graham at Glasgow in the same class with David 
Livingstone (1, 27). 

In the New Testament, too, silver plays an im- 
portant role. Jesus reproved the Pharisees and scribes 
with the parable of the lost piece of silver (Luke 15, 
8-10). Judas’ greed for this metal brought about 
the infamous betrayal (Mat. 26, 15; 27, 3-5). The 
Apostle Peter, in his first epistle general, reminded 
“the strangers scattered throughout Pontus, Galatia, 
Cappadocia, Asia, and Bithynia’’ that they ‘“‘were 
not redeemed with corruptible things, as silver and 
gold, . . . but with the precious blood of Christ’ (I 
Peter 1, 18-19). 
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When Paul’s teaching of Christ's gospel endangered 
the livelihood of Demetrius and other silversmiths 
who made and sold shrines for Diana at Ephesus, they 
stirred up great commotion among their fellow-citizens 
(Acts 19, 23-41). In Paul’s time, the Ephesians 
worshipped Diana and ‘‘an image which fell down 
from Jupiter.’”’ The latter may have been a meteorite. 
Among the alchemists, the name and figure of Diana 
long served as the chemical symbol for silver. 

3. Copper——The word copper appears in the Old 
Testament only in the passage where Ezra describes 
the treasure which he weighed out and committed to 
the twelve priests. Besides the silver and gold were 
“two vessels of fine copper, precious as gold’ (Ezra 
8, 27). Leroy Waterman, however, interprets this 
word as “fine burnished bronze’’ (19). The modern 
Spanish and Brazilian Portuguese translations also 
render it as bronze (50, 53). 

The trade of coppersmith is mentioned in Isaias 41, 
6-7 of Bishop Challoner’s revision of the Douai-Reims 
Bible, which is based on the Latin Vulgate (54). The 
corresponding passage in the Authorized Version is 
rendered ‘“‘goldsmith’’ instead of “‘coppersmith’’ (Isa. 
41, 6-7). In his second letter to Timothy, Paul men- 
tioned that “Alexander the coppersmith did me much 
evil’ (II Tim. 4, 14). Edgar J. Goodspeed translates 
this, however, as “metal-worker” rather than copper- 
smith (19). The widow’s mites were probably small 
copper coins (Mark 12, 43; Luke 21, 2) (19). 

The word ‘‘brass” of the Authorized Version of the 
Old Testament sometimes means copper and sometimes 
bronze. The passage in which Moses describes the 
Promised Land as ‘‘a land whose stones are iron, and 
out of whose hills thou mayest dig brass’’ is evidently 
an allusion to copper, which frequently occurs in the 
uncombined state (Deut. 8, 9). In the American 
translation by J. M. Powis Smith and Edgar J. Good- 
speed and in the modern Brazilian Portuguese and 
Spanish translations, it is so interpreted (19, 50, 53). 
This description would hold good for the Lebanon or 
for the Sinaitic region (49). Rabbi Joseph Schwarz 
wrote in 1845 that ‘‘Except in the neighbourhood of 
Aleppo, no Copper is found anywhere in Palestine. 
I was, however, told that Northern Galilee and the 
lower range of Lebanon contain veins of Copper’ 
and that this metal was also obtained on the Egyptian 
frontier (51). 

In 1934 a joint expedition of the American School 
of Oriental Research, Baghdad, the Hebrew Union 
College, the American Council of Learned Societies, 
and the Transjordan Department of Antiquities made 
a thorough archaeological survey of Edom. Nelson 
Glueck and his fellow-explorers found copper slag- 
piles and ruins of ancient smelting furnaces at Kh. 
el-Gheweibeh, Kh. el-Jariyeh, and Kh. Nqeib Aseimer; 
a great mass of highly cupriferous sandstone at the 
WaAdi el-Jariyeh; and a great copper mine at Umm 
el-‘Amad (61). On the surface at Kh. Jariyeh, at 
Mene‘tyyeh, and at Kh. Nqeib Aseimer, they found 
good ore of mixed cuprite and malachite. 
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Since the region is poor in fuel, the furnaces may 
have been fired with large quantities of dried shrubs, 
a fuel still used in Palestine and Transjordan for 
firing crude lime kilns (61). However, since immense 
quantities of copper were smelted in the ‘Arabah (the 
fissure extending for about 185 kilometers between 
the Dead Sea and the Gulf of ‘Aqabah) in the Early 
Iron Age, much of the fuel must have been brought 
in the form of charcoal by caravans of camels and 
donkeys from the forests of Edom (61). Long before 
the coming of the Israelites, the Kenites and Edomites 
worked the ore deposits of the ‘Arabah (61). The 
archaeological evidence shows that this was truly ‘‘a 
land whose stones contain iron, and out of whose hills 
you can dig copper’’ (Deut. 8, 9) (19, 61). 

Dr. Glueck believes that Solomon’s fleet which used 
to sail from Ezion-Geber to Ophir once every three 
years for gold, silver, ivory, apes, and peacocks must 
have carried as export cargo copper from the ‘Arabah 
(61). He believes that the passage should read ‘‘Tar- 
shish ships’’ (going to Ophir) instead of “‘ships sailing 
to Tarshish.’’ Since both water and fuel are scarce, the 
countries of the Near East find it cheaper to import 
their copper than to work these ancient deposits (61). 
Copper mining and smelting sites have also been found 
in Sinai (61). 

Job’s statement that “brass is molten out of the 
stone’ must refer to the smelting of copper from its 
ore (Job 28, 2). Similarly, the two ‘mountains of 
brass’ which Zechariah described in the vision of 
the four chariots must have been mountains of copper 
or its ore (Zech. 6, 1) (19). 

Although the Israelites must have imported their 
copper, the Egyptians mined this metal even before 
the time of Cheops who built the great pyramid at 
Gizeh (37). The “isles of Chittim”’ probably included 
Cyprus, famous for its copper mines. ‘Javan, Tubal, 
and Meshech,”’ said Ezekiel, ‘they were thy mer- 
chants; they traded the persons of men and vessels 
of brass in thy market” (Ezek. 27, 6, 13). Long before 
the Roman period, copper ore and ingots were exported 
from Cyprus, and its mines still yield a limited amount 
of the metal (2). The inhabitants of New Paphos 
(Old Baffa) on this island worshipped Venus (43). 
Among the alchemists, Venus symbolized copper. 

4. Tin.—Among the spoils of war which the 
Israelites took from the Midianites were tin and the 
other five metals known at that time: “And Eleazar 
the priest said unto the men of war which went to the 
battle, This is the ordinance of the law which the 
Lord commanded Moses; Only the gold, and the 
silver, the brass, the iron, the tin, and the lead, Every 
thing that may abide the fire, ye shall make it go 
through the fire, and it shall be clean...” (Num. 31, 


21-3). Making the metals ‘‘go through the fire” 
probably meant a gentle, brief ignition to remove 
organic matter without melting the lead and tin (1). 
Hebrew metal-workers recognized tin as a frequent 
adulterant of the noble metals: “And I will turn my 
hand upon thee, and purely purge away thy dross, and 
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take away all thy tin” (Isa. 1, 25). Alex. R. Gordon 
interprets this to mean “‘alloy’’ instead of tin (19). 
Ezekiel’s parable of the dross in the furnace also 
recognizes tin as a base metal (Ezek. 22, 18-22). 

After the Phoenicians began to navigate the western 
Mediterranean, they brought tin from Etruria, Spain, 
the mouths of the Loire, the Charente, and the rivers 
of Brittany, and from Cornwall and the Scilly Islands 
to supply the demand for bronze in the ancient world 
(5). 

5. Lead.—The unsurpassed dramatist who wrote 
the Book of Job mentioned lead as a writing material. 
In one of his replies to Bildad, Job exclaims: ‘‘Oh that 
my words were now written! oh that they were printed 
in a book! That they were graven with an iron pen 
and lead in the rock for ever. For I know that my 
redeemer liveth . . .”’ (Job 19, 23-5). Commentators 
disagree as to the exact manner in which this writing 
was done, some maintaining that the characters were 
simply engraved on a lead plate with an iron stylus, 
whereas others believe that the stylus was used to 
engrave the rock and that molten lead was afterward 
poured into the etched marks. 

After the pursuing chariots of Pharaoh had been 
engulfed by the Red Sea, Moses and the children of 
Israel sang in the anthem of thanksgiving, ‘Thou 
didst blow with thy wind, the sea covered them: they 
sank as lead in the mighty waters” (Ex. 15, 10). In 
the time of Ezekiel (nearly six centuries before 
Christ), lead was brought to the great Tyrian market 
from Tarshish: “Tarshish was thy merchant by 
reason of the multitude of all kind of riches; with silver, 
iron, tin, and lead, they traded in thy fairs’ (Ezek. 
27, 12). 

In the time of Zechariah (a century later), lead 
weights were in use. ‘‘And behold, there was lifted 
up a talent of lead .. .”’ (Zech. 5, 7). Ecclesiasticus 
said of King Solomon, ‘‘thou didst gather gold as tin, 
and didst multiply silver as lead” (Ecclus. 47, 18). 

6. Iron.—The first mention of iron in the Bible 
is in the fourth chapter of Genesis. It refers to ‘‘Tu- 
bal-cain, an instructor of every artificer in brass and 
iron’ (Gen. 4, 22). Theophile J. Meek translates 
this: ‘“‘Tubal-cain, the forger of bronze and iron 
utensils” (19). 

In a short but remarkable discourse on Hebrew 
mining, Job states that “Iron is taken out of the 
earth” (Job 28, 2). This passage describes the deep 
shaft, the dark galleries and tunnels through the 
rock, the underground streams, the beautiful, precious 
minerals, and the rugged, hazardous life of the miners. 
The iron stylus mentioned in Job 19, 24 was one of the 
most ancient of writing instruments. Iron fish hooks 
and spears must also have been in use when this book 
was written: “Canst thou draw out leviathan with 
an hook?. . . Canst thou fill his skin with barbed 
irons? or his head with fish spears?” (Job 41, 1, 7). 

In the third chapter of Deuteronomy there appears 
to be a description of an enormous iron bed: ‘For 
only Og king of Bashan remained of the remnant of 
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giants; behold his bedstead was a bedstead of iron; 
is it not in Rabbath of the children of Ammon? nine 
cubits was the length thereof, and four cubits the 
breadth of it, after the cubit of a man” (Deut. 3, 11). 
Since the Hebrew cubit was equal to about seventeen 
and a half inches, this bed must have been about six 
feet wide by thirteen feet long. Theophile J. Meek 
interpreted this to mean not a bed, but a sarcophagus, 
and James Patrick believed that it was made not of 
iron but of black basalt (19, 49). In the following 
chapter, the land of bondage is compared to an iron 
furnace: “But the Lord hath taken you, and brought 
you forth out of the iron furnace, even out of Egypt...” 
(Deut. 4, 20). 

Joshua mentioned the iron chariots of the Canaanites 
(Josh. 17, 16). In the days of Saul and Jonathan, 
there was no smith in all Israel (I Sam. 13, 19) (1). 
When David was preparing material for the Temple, 
iron was abundant. “And David prepared iron in 
abundance for the nails for the doors of the gates, and 
for the joinings. . Now, behold, in my trouble I 
have prepared for the house of the Lord an hundred 
thousand talents of gold, and a thousand thousand 
talents of silver; and of brass and iron without weight; 
for it is in abundance .. .’’ (I Chron. 22, 3, 14). Saws, 
harrows, and axes of this metal were also used in the 
time of David (II Sam. 12, 31). 

When Solomon compiled the proverbs, iron tools 
for sharpening must have been well known: “Iron 
sharpeneth iron; so a man sharpeneth the countenance 
of his friend’? (Prov.-27, 17). Amos mentioned iron 
threshing implements, and Isaiah spoke of cutting down 
thickets with iron (Amos 1, 3; Isa. 10, 34). Hezekiah’s 
workmen who diverted the water from the upper 
springs of Gihon and allowed it to flow down to supply 
the city of David used iron tools (II Chron. 32, 30; Ec- 
clus. 48, 17) (19). 

The ancient Hebrews also made iron cooking utensils 
such as the pan mentioned by Ezekiel (Ezek. 4, 3). 
Six centuries before Christ, this metal was an im- 
portant commodity in the market at Tyre: ‘‘Dan also 
and Javan going to and fro occupied in thy fairs: 
bright iron, cassia, and calamus, were in thy market”’ 
(Ezek. 27, 19). The American translation by Smith 
and Goodspeed and the modern Spanish translation 
render this .as “wrought iron,” or ‘“‘hierro forjado”’ 
(19, 50). 

Jeremiah declared that ‘“‘The sin of Judah is written 
with a pen of iron, and with the point of a diamond...” 
(Jer. 17, 1). This is probably not a reference to the 
true diamond but to some other hard mineral such as 
corundum. 

When King Nebuchadnezzar conquered Jerusalem, 
he took all the craftsmen and smiths back captive to 
Babylon (II Kings 24, 14-16; Jer. 24, 1). The trade 
of blacksmith is mentioned several times in the Bible. 
In the Book of Isaiah, the Lord says: ‘“‘Behold I have 
created the smith that bloweth the coals in the fire, 
and that bringeth forth an instrument for his work .. .” 
(Isa. 54, 16). Isaiah also described the construction 
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of a graven image: ‘The smith with the tongs both 
worketh in the coals, and fashioneth it with hammers, 
and worketh it with the strength of his arms...” 
(Isa. 44, 12). Ecclesiasticus wrote: ‘‘The smith also 
sitting by the anvil, and considering the iron work, 
the vapour of the fire wasteth his flesh, and he fighteth 
with the heat of the furnace: the noise of the hammer 
and the anvil is ever in his ears, and his eyes look still 
upon the pattern of the thing that he maketh; he 
setteth his mind to finish his work, and watcheth to 
polish it perfectly” (Ecclus. 38, 28). 

Iron is mentioned also in the New Testament. 
When Peter, for example, was delivered from the 
prison of Herod Agrippa I, he passed through “the 
iron gate that leadeth unto the city” of Antioch, Syria 
(Acts 12, 10). 

Rabbi Joseph Schwarz wrote in 1845 that iron was 
found near the town of Dir Al Kamr, on the Lebanon, 
and that the Jews worked the mines and made horse- 
shoes from the metal. Iron was also obtained from 
the Egyptian frontier (51). In their exploration of 
Edom in 1934, Nelson Glueck and his party of ex- 
plorers found rich deposits of iron ore at Sabrah, south 
of Petra (61). 


Sulfur (Brimstone) 


Although the word brimstone originally meant the 
gum of the gopher tree, it was later used to designate 
other flammable substances, especially sulfur (8, 31). 
The alchemists used the word sulfur to signify com- 
bustibility. 

The exact location of Sodom and Gomorrah is 
difficult to establish. The Biblical account of their 
destruction reads: ‘‘Then the Lord rained upon Sodom 
and upon Gomorrah brimstone and fire from the Lord 
out of heaven’’ (Gen. 19, 24). In his unsympathetic 
interpretation of Job’s suffering, Bildad set forth the 
punishment of the wicked, and added that “brimstone 
shall be scattered upon his habitation” (Job 18, 
15). Ezekiel prophesied a similar upheaval which, he 
said, was to be accompanied by ‘“‘a great shaking in 
the land of Israel, . . . an overflowing rain, and great 
hailstones, fire, and brimstone’ (Ezek. 38, 19-22). 

Biblical writers used the flammability of sulfur to 
symbolize torment and destruction. In speaking of 
the condemned Tophet, Isaiah mentioned liquid sulfur: 
“the breath of the Lord, like a stream of brimstone, 
doth kindle it’’ (Isa. 30, 33). Although there seems 
to be no suggestion in the Bible that the Hebrews made 
any use of sulfur, the Greeks, even in the time of 
Homer, employed it as a fumigant (9). 


Carbon (Charcoal) 


- That the Biblical word ‘“‘coals’’ means charcoal is 
evident from the proverb ‘‘As coals are to burning coals, 
and wood to fire; so is a contentious man to kindle 
strife’ (Prov. 26, 21). 

In a discourse on the folly of worshipping a wooden 
idol, Isaiah said, ‘‘And none considereth in his heart, 
neither is there knowledge nor understanding to say, 
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I have burned part of it in the fire; yea, also I have 
baked bread upon the coals thereof; I have roasted 
flesh, and eaten it: and shall I make the residue thereof 
an abomination? shall I fall down to the stock of a 
tree?’’ (Isa. 44, 19). 

One of the proverbs uses the figurative expression 
“heaping coals of fire on an enemy’s head’’ to represent 
remorse caused by returning good for evil: “If thine 
enemy be hungry, give him bread to eat; and if he be 
thirsty, give him water to drink: For thou shalt heap 
coals of fire upon his head . . .”’ (Prov. 25, 21-2). In 
his letter to the Christians in Rome, Paul urged them 
to follow this precept (Rom. 12, 20). 

When Peter denied that he was a disciple of Christ, 
his sense of guilt made him feel the cold. ‘And the 
servants and officers stood there, who had made a fire 
of coals; for it was cold: and they warmed themselves: 
and Peter stood with them, and warmed himself” 
(John 18, 18). 

After describing the miraculous draught of fishes 
from the Sea of Tiberias, John’s gospel continues: 
‘“‘As soon as they were come to land, they saw a fire of 
coals there, and fish laid thereon, and bread”’ (John 
21, 9). 

Carbon in the form of lampblack was often mixed 
with olive oil or balsam gum (25) and used as ink. 
It was carried in an inkhorn suspended from the 
girdle, as mentioned by Ezekiel six centuries before 
Christ: “‘And behold six men came from the way of 
the higher gate, which lieth toward the north, and 
every man a slaughter weapon in his hand; and one 
man among them was clothed with linen, with a 
writer’s inkhorn by his side . . .”’ (Ezek. 9, 2). Jere- 
miah, a contemporary of Ezekiel, also mentioned ink 
(Jer. 36, 18). 

Paul once wrote to the Christians of Corinth: ‘‘Ye 
are our epistle written in our hearts, known and read 
of all men: Forasmuch as ye are manifestly declared 
to be the epistle of Christ ministered by us, written 
not with ink but with the Spirit of the living God: 
not in tables of stone, but in fleshy tables of the 
heart’ (II Cor. 3, 2-3). A generation later, John 
wrote in the superscription of his second epistle, 
“Having many things to write unto you, I would not 
write with paper and ink: but I trust to come unto you, 
and speak face to face, that our joy may be full” (II 
John 12). In his third epistle, addressed to Gaius, 
he expressed the same thought (III John 13-14). 


IV. ACID, BASES, SALTS, AND WATER 

1. Acetic Acid (Vinegar).—Wine vinegar, or dilute 
acetic acid, is mentioned in two of the proverbs: ‘‘As 
vinegar to the teeth, and as smoke to the eyes, so is 
the sluggard to them that send him.... As he that 
taketh away a garment in cold weather, and as vinegar 
upon nitre, so is he that singeth songs to an heavy 
heart” (Prov. 10, 26; 25, 20). It is also mentioned in 
Psalm 69, 21: ‘‘They gave me also gall for my meat; 
and in my thirst they gave me vinegar to drink.”’ In 
the Authorized Version, all four of the Gospel writers 
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use the word vinegar in their accounts of the Cruci- 
fixion (Mat. 27, 34, 48; Mark 15, 36; Luke 23, 36; 
John 19, 29). Edgar J. Goodspeed, however, inter- 
prets it as sour wine (19). 

2. Sodium Carbonate (Niter)—In modern usage 
the word niter (or nitre) means saltpeter (potassium 
nitrate) or Chile saltpeter (sodium nitrate). The 
niter, or natron, of the ancients was an entirely different 
substance, natural crude sodium carbonate (44). Inthe 
first volume of Lorenz von Crell’s Neueste Entdeckungen 
in der Chemie, there is a first-hand description of the 
African trona by C. Bagge, Swedish consul to Tripoli 
(10). He said that a thin crust of white, crystalline 
trona, or niter, covered the ground at a place two 
days’ journey from Fezzan in the Sahara and that 
it was shipped to Egypt, Tripoli, and ‘the land of 
the Negroes” to be used in bleaching and soapmaking. 
The Wadi Natrtin, or Natron Valley, near Cairo and 
Alexandria, lies below the level of the sea. Its lakes, 
formed by the flood waters of the Nile, become almost 
dry in summer, and its great deposits of natron (so- 
dium carbonate and sodium hydrogen carbonate) have 
been worked for thousands of years and are still being 
worked (11). 

In 1799 Luigi Palcani published analyses of two 
authentic specimens of natural Oriental niter: one 
which Pietro Andrea Mattioli had brought from 
Constantinople, more than two centuries before, for 
Ulisse Aldrovandi’s Museum of Natural History, and 
another which Edward Wortley Montague had brought 
from Alexandria. Palcani found that ancient niter 
consisted mainly of sodium carbonate (13). It also 
contained varying amounts of sodium hydrogen car- 
bonate, sodium chloride, sodium sulfate, and water (14). 

The proverb which mentions the effect of vinegar on 
niter is thus a description of the familiar neutralization 
reaction in which an acid reacts with effervescence on an 
alkaline carbonate (Prov. 25, 20). Although Martin 
Luther used the word Kreide (chalk, or calcium car- 
bonate) instead of niter, Diodati and Segond in their 
Italian and French translations both interpreted it as 
niter (55-57). The modern Spanish translation calls 
it “vinegar spilled on soda ash (vinagre derramado 
sobre la sosa)’’ (50). Alex. R. Gordon translates this 
proverb: 


“Like one who drops vinegar upon a wound 
Is he who sings songs to a sorrowful heart’’ (19). 


Some niter probably contained calcium carbonate 
as an impurity. Fredric Hasselquist, a student of 
Linné in Sweden, made a scientific expedition to 
Palestine in 1749-52. He said that natrum was ‘‘dug 
out of a pit or mine near Mansura in Egypt” and that 
it was “‘mixt with a Lapis Calcareus (Limestone) that 
ferments with vinegar’ (45). He added that the 
Egyptians “put it into bread instead of yeast” and 
‘“‘washed linen with it instead of soap” (45). 

In the time of Jeremiah, sodium carbonate (washing 
soda) was used as a detergent much as it is today: 
“For though thou wash thee with nitre, and take thee 





FEBRUARY, 1943 


much soap, yet thine iniquity is marked before me, 
saith the Lord God” (Jer. 2, 22). Some translators 
used the word /ye instead of niter (19). This passage 
does not necessarily mean that Jeremiah’s contempo- 
raries saponified fats and oils with alkalies to form the 
substance now known as soap. It is more likely that 
they used either natural niter from a soda lake or 
artificial niter made by burning the so-called soap 
plants (Salsola and Salicornia) (1). It is certain, 
however, that the ancient Hebrews had the raw 
materials (alkali, oil, and fat) for making true soap. 
Much fat was burned on their altars. The soap or 
“sope”’ of the Authorized Version was what the Hebrews 
called ‘‘borith’” (38). When E. F. Geoffroy (1672- 
1731) wrote his “‘Treatise of the Fossil, Vegetable, and 
Animal Substances That Are Made Use of in Physick,”’ 
the inhabitants of Smyrna and Ephesus still washed 
their clothes with a lye leached from small hillocks in 
their fields (12). 

Rabbi Joseph Schwarz wrote in 1845: ‘On the 
Egyptian frontiers is found a bluish-green Natron, 
resembling alum, which is dug out of the earth. It 
has a very salty taste. The best species of this sub- 
stance is white. It is carried from Egypt to Palestine, 
and is used here for cleansing and scouring. In He- 
bron it is also put into the kettle wherein they prepare 
glass. In ancient times soap was made out of a mix- 
ture, of which Natron was a component part. Gener- 


ally Nether (Jer. 2, 22), given in the English version 
with Nitre, is rendered by other translators with Chalk 


but incorrectly. At present they prepare, in this 
country, a soap made of lime and olive oil’’ (51). 

Tacitus mentioned the use of niter in the manufacture 
of glass (12, 35). Geoffroy stated that ancient glass 
was made by fusing niter with the sands of Palestine 
and Syria, near Egypt, and that the ash of the plant 
Kali, or glasswort, was sometimes substituted for the 
natural niter (12). 


Since the Egyptians also used niter in their embalm/ 


ing processes, it was probably used in embalming the 
bodies of Jacob and Joseph (Gen. 50, 3, 26) (32). 
Another substance used in the embalming process was 
bitumen (47). 

Some of the ancient niter was potassium carbonate 
made by burning wood and other plant materials and 
leaching the ash with water to dissolve out the alkali 
in the form of a lye. Ancient writers did not dis- 
tinguish between the carbonates of sodium and potas- 
sium. In the latter part of the seventeenth century, 
chemists, one after another, began to find that the 
mineral alkali (soda) and the vegetable alkali (potash) 
differ from one another in certain important properties. 
By about the middle of the following century, these 
alkalies were clearly distinguished one from the other. 

3. Lime and Gypsum for Mortar.—Ancient Egyptian 
and Grecian plasters and mortars were made by heating 
crude gypsum (calcium sulfate dihydrate) until it lost 
part of its water of hydration and formed the product 
now known as plaster of Paris. Roman mortars were 
prepared by burning limestone, for the lime mortar 
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withstood better the moist climate of Italy (15, 16). 

Rabbi Joseph Schwarz, who lived in the Holy Land 
for sixteen years, wrote in 1845 that in Judaea a water- 
tight mortar called Kisermil was used, which consisted 
of ‘‘sand, lime, and the residuum which remains in the 
pan after soap is boiled’ (51). He said that the 
mountains of Palestine all consist of limestone, but that 
gypsum had to be imported at great expense. W. E. 
Curtis found, however, that, during the dry season, 
the barren plains around the Dead Sea resembled the 
Bad Lands of Dakota except that they were ‘‘coated 
with salt and gypsum instead of alkali” (52). 

When the Hebrew people were in bondage, the Egyp- 
tians forced them to make mortar and brick: ‘And 
they made their lives bitter with hard bondage, in 
morter, and in brick .. .”” (Ex. 1, 13-14). Moses later 
admonished his people to keep the commandments 
and write them on large plastered stones: ‘‘And it 
shall be on the day when ye shall pass over Jordan 
unto the land which the Lord thy God giveth thee, that 
thou shalt set thee up great stones, and plaister them 
with plaister: And thou shalt write upon them all the 
words of this law... .”” (Deut. 27, 2-3). In the Ameri- 
can translation by Smith and Goodspeed and in the 
modern Spanish translation, Moses and the elders 
instruct the people to whitewash these stones with 
lime (19, 50). 

Ancient tombs were often whitewashed on the 
outside. Jesus compared the scribes and Pharisees 
to ‘‘whited sepulchres, which indeed appear beautiful 
outward, but are within full of dead men’s bones... .”’ 
(Mat. 23, 27). Paul used the same figure of speech 
when he said to the high priest Ananias, ‘God shall 
smite thee, thou whited wall: for sittest thou to judge 
me after the law, and commandest me to be smitten 
contrary to the law?” (Acts 23, 3). 

Isaiah mentioned the burning of lime: “And the 
people shall be as the burnings of lime: as thorns cut 
up shall they be burned in the fire” (Isa. 33, 12). 
Alex. R. Gordon, however, renders this passage; ‘‘And 
the people shall be like brands that are burned to a 
cinder” (19). Isaiah also mentioned chalk, or “‘chalk- 
stones’’ (Isa. 27, 9) (29). 

Other substaices used in the preparation of mortars 
for ancient Oriental buildings included bitumen, clay, 
sand, and ashes (8). When Nahum predicted the 
destruction of Nineveh, he exhorted the people: 
“Draw thee waters for the siege, fortify thy strong 
holds: go into clay, and tread the morter, make 
strong the brickkiln” (Nahum 3, 14). 

4. Other Calcium Compounds——Three other cal- 
careous substances mentioned in the Bible were bone 
ash, alabaster, and marble. Although calcium phos- 
phate in the form of bone ash has been used since 
ancient times for making cupels for refining precious 
metals, there seems to be no mention of this fact in the 
metallurgical analogies of the Bible. Amos, however, 
spoke of the burning of human bones: ‘‘Thus saith the 
Lord: For three transgressions of Moab, and for four, 
I will not turn away the punishment thereof; because 
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he burned the bones of the king of Edom into lime’”’ 
(Amos. 2, 1). This practice is also mentioned in I 
Kings 13, 2 and II Chron. 34, 5. 

Although modern alabaster is a kind of translucent 
gypsum (calcium sulfate dihydrate), ancient Oriental 
alabaster was calcite (calcium carbonate) (30). It was 
translucent or opaque, and often displayed bands which 
gave evidence of its stalagmitic origin (17). The story 
of Mary of Bethany and the precious ointment was 
told by all four of the Gospel writers (Mat. 26, 7; 
Mark 14, 3; Luke 7, 37; John 12, 3). All of them 
except John mentioned the alabaster box, or flask. 

One of the precious substances which David pre- 
pared for the Temple was white marble (I Chron. 29, 
2) (49). Pillars of this beautiful mineral are also 
mentioned in the Song of Solomon: ‘‘His legs are as 
pillars of marble” (Song of Sol. 5, 15) (49). 

5. Salt-—Both the Old and the New Testaments 
abound in literal and figurative allusions to common 
salt. In Genesis there is the story of Lot’s wife, who 
became a pillar of salt (Gen. 19, 26). Salt was used 
in religious services, as specified in Leviticus 2, 13: 
“And every oblation of thy meat-offering shalt thou 
season with salt; neither shalt thou suffer the salt of 
the covenant of thy God to be lacking from thy meat- 
offering: with all thine offerings thou shalt offer salt.” 
It often symbolized fidelity and the keeping of a 
covenant, as in Numbers 18, 19 and II Chron. 13, 5. 

Jesus and Paul used it also as a symbol of tolerance 
and discretion: ‘For every one shall be salted with 
fire, and every sacrifice shall be salted with salt. 
Salt is good: but if the salt have lost his saltness, 
wherewith will ye season it? Have salt in yourselves, 
and have peace one with another’? (Mark 9, 49-50). 
“Walk in wisdom toward them that are without, 
redeeming the time. Let your speech be alway with 
grace, seasoned with salt, that ye may know how ye 
ought to answer every man” (Col. 4, 5-6). In the 
modern Spanish translation, verse five ends with the 
words ‘‘aprovechando cada oportunidad de hacerles bien 
(availing yourself of every opportunity to do them 
good’’), (50). 

The ‘‘salt of the earth,” or salt which had lost its 
savor, which Jesus mentioned in the Sermon on the 
Mount, was impure sodium chloride, contaminated 
with white clay (or possibly gypsum) which would 
remain as a tasteless residue after the sodium chloride 
had been leached away and would be difficult to dis- 
tinguish from the original salt (Mat. 5, 13; Mark 9, 
49-50; Luke 14, 34). Hence it was said to have 
“lost its savour.” When Henry Maundrell arrived 
at Aleppo, Syria (the Berea of the Bible) in 1699, he 
visited the salt valley near there. When he tasted 
a piece of salt from the vein, he found that the portion 
which had been attached to the rock was salty but 
that the part which had been exposed to rain had 
entirely lost its savor (26). Fredric Hasselquist, 


half a century later, described the soil near the Dead 
Sea as “a crumbly clay, impregnated with salt” and 
said that it closely resembled that of Egypt (45). 
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6. Water——The Biblical allusions to water are in- 
numerable. The Book of Job mentions it in all three 
phases: ‘‘My brethren have dealt deceitfully as a 
brook, and as the stream of brooks they pass away; 
which are blackish by reason of the ice, and wherein 
the snow is hid... . What time they wax warm, 
they vanish.... Behold, God is great, and we know 
him not.... For he maketh small the drops of water: 
they pour down rain according to the vapour thereof: 
Which the clouds do drop and distil upon man abun- 
dantly” (Job 6, 15-17; 36, 26-8). Jeremiah 10, 13 
and Psalm 135, 7 describe the rising of water vapor 
before an electrical storm. The three phases of 
water are also described vividly and succinctly in at 
least two of the Psalms: ‘‘He giveth snow like wool: 
he scattereth the hoarfrost like ashes. He casteth 
forth his ice like morsels: who can stand before his cold? 
He sendeth out his word, and melteth them: he causeth 
his wind to blow, and the waters flow.... Fire, and 
hail; snow, and vapours; stormy wind fulfilling his 
word” (Ps. 147, 16-18; 148, 8). 


Vv. ALLOYS 


1. Solder.—Solder is mentioned in Isaiah 41, 7: 
“So the carpenter encouraged the goldsmith, and he 
that smootheth with the hammer him that smote the 
anvil, saying, It is ready for the sodering....’’ This 
may possibly have been done with a special low- 
melting alloy suitable for soldering gold. The proper- 
ties of tin-lead solder were well known to Pliny the 
Elder. Alex. R. Gordon, however, interprets this 
passage to mean “riveting” instead of soldering (19). 
By rearranging certain verses in the fortieth and 
forty-first chapters, he gives a clear picture of this 
metal-working process: 


‘An idol! the smelter casts it, 

And the goldsmith overlays it with gold, 

And fastens it with silver links. 

Each one helps his fellow, 

And says to his comrade, ‘Have courage!’ 

The smelter cheers on the goldsmith, 

He that smooths with the hammer him that strikes with the mal- 


let, 

Saying of the riveting, ‘It is good!’ 

As he fastens it with nails so that it cannot move” (Isa. 40, 19; 
41, 6-7) (19). 


2. Bronze——Ancient alloys were not made by 
preparing pure metals and fusing them together, but 
by direct smelting of ores or mixtures of ores. Since 
ancient peoples were acquainted with very few pure 
metals and did not distinguish clearly between them, 
it is not strange that the Hebrew word nehoshet 
should have been used to signify both copper and its 
tin alloy, bronze (37). Hence translators of the 
Bible also used the word ‘brass’ with these two 
different meanings. Much bronze was used in building 
and furnishing the Tabernacle (Ex. 25, 3; 27, 17-19}. 

When Solomon began to erect the Temple, he had 
at his disposal the great wealth amassed by his father, 
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but was handicapped for lack of skilled artisans. 
He therefore asked King Hiram (or Huram) of Tyre 
to send him ‘‘a man cunning to work in gold, and in 
silver, and in brass, and in iron, and in purple, and 
crimson, and blue, and that can skill to grave with 
the cunning men that are with me” (II Chron. 2, 7). 

According to the Authorized Version, the gifted, 
versatile artisan or supervisor whom King Hiram 
sent to Solomon was also named Hiram. The Smith- 
Goodspeed translation of King Hiram’s written reply 
speaks of him, however, as ‘“‘Huram-abi, the son of a 
Danite woman, but his father was a Tyrian, who knows 
how to work in gold, silver, bronze, iron, stone, and 
wood, in purple, violet, and fine linen, and in crimson, 
also to perform all manner of engraving and to sketch 
any. artistic device that may be assigned to him, 
together with your skilled workmen and the skilled 
workmen of my lord David, your father’ (II Chron. 
2, 13-14) (19). 

The great, elaborate castings which he made for 
King Solomon must have been of bronze. Chapter 
seven of the First Book of the Kings describes in great 
detail the intricate work of this great metal-worker 
and concludes with the words: ‘... and all these 
vessels which Hiram made to king Solomon for the 
house of the Lord were of bright brass. In the plain 
of Jordan did the king cast them, in the clay ground 
between Succoth and Zarthan. And Solomon left 
all the vessels unweighed, because they were exceeding 
many...” (I Kings 7, 13-47). Thus it seems clear 
that these great castings were made in clay molds (1). 
Zarthan has also been called Zeredathah, Zarethan, 
and Zeredah*(II Chron. 4, 17) (19). 

The brass pillars and bases which the Chaldeans 
broke and carried back to Babylon, the brasen sea, 
the pots, shovels, snuffers, and vessels, the wreathen 
work (or network), and the pomegranates upon the 
chapiter (or capital) must also have been of bronze 
(II Kings 25, 13-17). This alloy of copper and tin 
was made in Mesopotamia, in the Indus Valley, and 
in Egypt thirty centuries before Christ (3, 4). 

Goliath’s armor was also of bronze: ‘‘And he had 
an helmet of brass upon his head, and he was armed 
with a coat of mail; and the weight of the coat was 
five thousand shekels of brass. And he had greaves 
of brass upon his legs, and a target of brass between 
his shoulders” (I Sam. 17, 5-6). 

The “bow of steel’? mentioned in II Samuel 22, 
35 and Psalm 18, 34 was probably of bronze, as Martin 
Luther believed: : “Er lehrt . . . meinen Arm einen 
ehernen Bogen spannen’”’ (Ps. 18, 35). In the French 
translation, Louis Segond used the word “‘airain,”’ 
or brass (Ps. 18, 35). Giovanni Diodati spoke of it 
as ‘‘rame’’ (copper or brass) (Ps. 18, 33). The modern 
Spanish translation uses the word ‘‘bronce,”’ or bronze 
(50). J. M. Powis Smith also interprets it as bronze 
(19). When Jeremiah said, “Shall iron break the 
northern iron and the steel?’ he, too, was probably 
speaking of bronze rather than steel (Jer. 15, 12). 

3. Brass—In His instructions to the twelve 
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disciples, Jesus said, ‘Provide neither gold, nor silver, 
nor brass in your purses’ (Mat. 10, 9). Edgar J. 
Goodspeed renders this passage: ‘‘Do not accept gold 
or silver or copper money” (19). 

The copper-zinc alloy now known as brass was 
introduced shortly before the beginning of the Christian 
era (1,6). The Romans made it by heating a mixture 
of powdered zinc ore (probably the carbonate and the 
hydrous silicate), charcoal, and granules of copper, 
keeping the temperature below the melting point 
of copper. After the zinc vapor had converted the 
copper to brass, they raised the temperature of the 
crucible and melted the brass. Pliny the Elder 
described this process in his Natural History (7). 


VI. ORGANIC SUBSTANCES 


1. Bitumen, or Asphalt.—The “pitch, or slime’ of 
the Bible was bitumen, or asphalt, a substance which 
occurs native near the Dead Sea (18, 19, 35). Before 
the Deluge, the Lord commanded Noah: “Make thee 
an ark of gopher wood; rooms shalt thou make in the 
ark, and shalt pitch it within and without with pitch” 
(Gen. 6, 14). The little ark, or floating cradle, in 
which the infant Moses was saved was waterproofed 
in the same way: ‘And when she could no longer hide 
him, she took for him an ark of bulrushes, and daubed 
it with slime and with pitch, and put the child therein; 
and she laid it in the flags by the river’s brink’’ (Ex. 
2, 3). 

Sodom and Gomorrah were located near bitumen 
wells. ‘“The valley of Siddim was so full of bitumen 
wells that on the flight of the kings of Sodom and 
Gomorrah some fell into them’ (Gen. 14, 10) (19). 
The second book of Esdras describes Sodom and Gomor- 
rah as a land that “‘lieth in clods of pitch and heaps of 
ashes” (II Esdras 2, 8-9). The desolate scene is de- 
scribed in the Wisdom of Solomon. Speaking of 
wisdom, it states: ‘When the ungodly perished, she 
delivered the righteous man, who fled from the fire 
which fell down upon the five cities, Of whose wicked- 
ness even to this day the waste land that smoketh is a 
testimony, and plants bearing fruit that never come to 
ripeness: and a standing pillar of salt is a monument 
of an unbelieving soul’ (Wisd. 10, 6-7). Sodom and 
Gomorrah were probably located near the Dead Sea. 

Bitumen was used for cementing together the bricks 
of the tower of Babel: ‘‘And they said one to another, 
Go to, let us make brick, and burn them throughly. 
And they had brick for stone, and slime had they for 
morter’ (Gen. 11, 3). Herodotus (484-425 B.c.) said 
that the city of Babylon was surrounded by a moat 
and a double wall. The earth removed in excavating 
the moat was made into bricks, which were baked in 
kilns and used for building the walls. The bricks 
were cemented together with hot bitumen brought to 
Babylon from the Is, a small tributary of the Euphrates. 
On top of every thirtieth course of bricks was a layer 
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of interwoven reeds (34). The bitumen wells at Hit 
(Iraq) on the Euphrates, one hundred and fifty miles 
above Babylon, which Herodotus mentioned, are still 
productive (48). There are similar wells at modern 
Kala’at Shergat (Ashur, the ancient capital of Assyria), 
on the Tigris, sixty miles south of ancient Nineveh 
(48). In his Geography, Strabo described the asphalt 
and naphtha of Babylonia and the Dead Sea, and re- 
ferred to the accounts of it by Eratosthenes and 
Poseidonius (36). 

Since most asphalt is a residue from evaporated 
petroleum (rock oil, or naphtha), the question arises 
as to whether petroleum, too, may not have been used 
by the ancient Hebrews. Herodotus mentioned a 
well near Susa (the Shushan of the Bible) which yielded 
bitumen, salt, and a black oil with an unpleasant 
odor (petroleum) (33). 

Job in his misery recalled the days of his prosperity, 
“‘When I washed my steps with butter, and the rock 
poured me out rivers of oil” (Job 29, 6). This, how- 
ever, cannot refer to petroleum: a similar passage in 
Deuteronomy 32, 12-13 undoubtedly refers to an 
edible oil: ‘‘So the Lord alone did lead him . . . and he 
made him to suck honey out of the rock, and oil out 
of the flinty rock.” 

Ezekiel 32, 14, however, which refers to the down- 
fall of Egypt, may possibly imply a knowledge of 
petroleum. In the Smith-Goodspeed translation, this 
verse reads: ‘‘Then will I cause their waters to settle, 
and their rivers to flow with oil’’ (19). ~ According to 
the Authorized Version of the Song of the Three Holy 
Children, the furnace into which Shadrach, Meshach, 
and Abednego were thrust was fired with ‘rosin, pitch, 
tow, and small wood’ (Song of T.H.C. 23). In the 
Goodspeed translation of this verse, the substances 
mentioned are “naphtha, pitch, tow, and faggots” 
(19). 

2. Olive Oil.—The children of Israel used olive oil 
for many purposes (28). They burned it in the 
perpetual lamps in their religious services in the Taber- 
nacle: “And thou shalt command the children of 
Israel, that they bring thee pure oil olive beaten for 
the light, to cause the lamp to burn always” (Ex. 27, 
20). They used it also for anointing, and often spoke 
of it as “‘the oil of gladness” (Ex. 25, 6; 30,31; 37, 29; 
Ps. 23, 5; 45, 7; Isa. 61, 3; Luke 7, 46; James 5, 14). 
They sometimes used it medicinally, as in the parable of 
the good Samaritan: “But a certain Samaritan... 
went to him, and bound up his wounds, pouring in oil 
and wine...” (Luke 10, 33-4). 

3. Beeswax.—The wax of the Bible was beeswax. 
Micah prophesied: ‘‘And the mountains shall be 
molten under him, and the valleys shall be cleft, as 
wax before the fire, and as the waters that are poured 
down a steep place” (Micah 1,4). It is also mentioned 
in at least two of the Psalms: ‘‘As wax melteth before 
the fire, so let the wicked perish at the presence of 
God. ... The hills melted like wax at the presence 


of the Lord... .’”’ (Ps. 68, 2; 97, 5). 
4. Tyrian Purple—Two kinds of purple are 


JOURNAL OF CHEMICAL EDUCATION 


mentioned in the Old Testament: ‘‘argaman,’’ which 
appeared black when viewed directly and bright-red 
purple when viewed obliquely; and “‘tekelet,”’ a sky- 
blue (20). The reddish purple was worn by the kings 
of Midian and was used for the covering of Solomon’s 
chariot (Judges 8, 26; Song of Solomon 3, 10). When 
Daniel deciphered the writing on the plastered wall 
of Belshazzar’s palace at Babylon, he was given red 
purple (scarlet) raiment as a token of the king’s favor 
(Dan. 5, 7, 16, 29). 

Certain parts of the high priest’s vestments and 
the loops for the curtains of the Tabernacle were blue 
(Ex. 28, 28, 31, 37; 36,11). In the parable of Aholah 
and Aholibah, Ezekiel mentioned the blue raiment 
of the Assyrian captains and rulers (Ezek. 23, 6). 
Purple was brought to Tyre from the coasts of Greece 
and Asia Minor and from Syria (Ezek. 27, 7, 16) (8). 
It is mentioned several times in the books of the 
Maccabees: (I Macc. 4, 23; 10, 20, 62, €4; 11, 58; 
14, 43; II Macc. 4, 38). In the first of these references 
it is called ‘‘purple of the sea.” 

Lydia of Thyatira, a devoted follower of Paul’s 
teaching, earned her living by selling it: ‘‘And a 
certain woman named Lydia, a seller of purple, of the 
city of Thyatira, which worshipped God, heard us: 
whose heart the Lord opened that she attended unto 
the things which were spoken of Paul’ (Acts 16, 14). 
The word ‘‘purple” probably meant the dyed textile 
rather than the dye itself (19). 

The “Babylon” of the Revelation was probably 
Rome. Its merchandise included “gold, and silver, 
and precious stones, and . . . pearls, and fine linen, 
and purple, and silk, and scarlet, and all thyine wood, 
and all manner vessels of ivory, and all manner vessels 
of most precious wood, and of brass, and iron, and 
marble, And cinnamon, and odours, and ointments, 
and frankincense, and wine, and oil, and fine flour, 
and wheat, and beasts, and sheep, and horses, and 
chariots, and slaves, and souls of men” (Rev. 18, 
12-13). 

Remains of ancient workshops for making Tyrian 
purple have been found at Tarentum, in the Morea 
(ancient Peloponnesus), and at Tyre. They consist 
of mounds of spiral shells of two kinds of Murex 
(Murex brandaris and M. trunculus). M. brandaris 
Linné is known as the straight-spined Murex (39, 40). 
A white juice secreted by the mollusk is oxidized on 
exposure to the atmosphere, becoming successively 
yellow, green, and finally red or violet according to 
the species (20). The ancients extracted it by bruising 
the Murex in pot-holes in the rocks and discarding the 
broken shells. The diluted juice was treated with 
soda and evaporated from tin or leaden vessels (40). 

In the description of Tyre in his Geography, Strabo 
mentioned the famous ‘‘dye-houses for purple; for 
the Tyrian purple has proved itself by far the most 
beautiful of all; and the shell-fish are caught near the 
coast; and the other things requisite for dyeing are 
easily got; and although the great number of dye- 
works makes the city unpleasant to live in, yet it 
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makes the city rich through the superior skill of its 
inhabitants” (36). 

Many famous scientists, including William Cole 
of Bristol, René-Antoine Ferchault de Réaumur, 
H. L. du Hamel du Monceau, Don Antonio de Ulloa, 
and Edward Bancroft, studied this dye (21). In 
1909 H. Friedlander of Vienna made the remarkable 
discovery that this ancient Tyrian purple from the 
Mediterranean mollusk Murex brandaris is identical 
with the 6:6’ dibrom indigo which F. Sachs of Berlin 
and his collaborators had prepared only five years 
previously from p-bromo-o-nitrobenzaldehyde (22-24). 

The Jews also used several less costly dyes. Red 
dyes were known as early as the Exodus and were 
sometimes used for dyeing skins (Ex. 26, 14). True 
blue was obtained from woad (Isatis) (46). 


VII. 


1. Stibnite (Antimonious Sulfide)—In the revised 
Douai Bible, the account of Jezebel’s death begins 
as follows: ‘“‘And Jehu came into Jezrahel: But 
Jezabel hearing of his coming in, painted her face with 
stibic stone . . .”” (IV Kings 9, 30). The modern 
Spanish translation states that Jezebel ‘‘se pinté 
los ojos con antimonio”’ (50). The authorized English 
Version does not mention the nature of the cosmetic 
(II Kings 9, 30). The harmful custom of painting 
the eyes was condemned by Jeremiah and by Ezekiel 
(Ezek. 23, 40). Jeremias 4, 30 of the revised Douai 
Bible reads as follows: ‘‘But when thou art spoiled, 
what wilt thou do? Though thou clothest thyself with 
scarlet, though thou deckest thee with ornaments of 
gold, and paintest thy eyes with stibick-stone, thou 
shalt dress thyself out in vain: thy lovers have de- 
spised thee, they will seek thy life.’”’ The modern 
Spanish translation reads: “‘aunque te pintes los ojos 
con antimonio’’ (50). Here, too, the Authorized 
English Version does not mention the cosmetic, but 
merely reads: ‘‘though thou rentest thy face with paint- 
ing’ (Jer. 4, 30). 

The “‘stibick-stone’’ was undoubtedly stibnite, or 
antimonious sulfide. Oriental women used the black, 
pulverized mineral as an eye-paint for increasing the 
apparent size of the eyes, giving them the staring, 
protruding appearance characteristic of Egyptian 
portraits. Job’s youngest daughter was named Keren- 
happuch, which means “horn of eye-paint” (47). 
“And in all the land were no women found so fair’ 
(Job 42, 14-15). Although T. K. Cheyne questions 
this interpretation of the name, the Challoner revision 
of the Douai-Reims Bible gives the Latin names of 
Job's daughters as follows: “And he called the name 
of one Dies, and the name of the second Cassia, and 
the name of the third Cornustibij” (horn of antimony) 
(54, 58). 

Ancient eye-paints often contained cupric oxide, 
lead sulfide, and lampblack. Their most costly 
constituent, however, was the stibnite, which had to 
be imported from distant countries (59). The Hebrew 
word for this eye-paint was pak (59). 
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2. Vermilion.—Vermilion was mentioned by Jere- 
miah and by Ezekiel: ‘Woe unto him that buildeth 
his house by unrighteousness, and his chambers’ by 
wrong: that useth his neighbour’s service without 
wages, and giveth him not for his work; That saith, 
I will build me a wide house and large chambers, and 
cutteth him out windows: and it is cieled with cedar, 
and painted with vermilion’”’ (Jer. 22, 14). 

In the parable of Aholah and Aholibah (Samaria 
and Jerusalem), Ezekiel spoke of ‘‘men pourtrayed 
upon the wall, the images of the Chaldeans pourtrayed 
with vermilion” (Ezek. 23, 14). The Wisdom of 
Sclomon mentions the use of this pigment for the 
adornment of an idol carved from a piece of gnarled 
wood (Wisd. 13, 13-14). Vermilion is mercuric sulfide, 
a bright red or orange red pigment prepared from 
cinnabar. The word is often used, however, to repre- 
sent the color rather than the chemical substance. 


VIII. CERAMIC PRODUCTS 


1. Glass and Its Constituents——In ancient times, 
both rock crystal (quartz) and sand served as sources 
of silica for the manufacture of glass. Since the word 
“crystal” is often used, even today, to designate a 
clear, brilliant glass, it is difficult to tell whether 
certain Biblical passages refer to rock crystal or to 
glass. In the Revelation, the word “‘crystal’’ probably 
means rock crystal: ‘‘And before the throne there was 
a sea of glass like unto crystal.... And he showed 
me a pure river of water of life, clear as crystal, pro- 
ceeding out of the throne of God and of the Lamb” 
(Rev. 4, 6; 22, 1) (28). In Revelation 21, 11, John 
speaks of ‘‘a stone most precious, even like a jasper 
stone, clear as crystal.'’ The mineral now known as 
jasper is opaque. 

Flint is mentioned in Deuteronomy 8, 15; 32, 13, 
in Psalm 114, 8, and in Ezekiel 3, 9. Rabbi Joseph 
Schwarz found many flintstones near Jerusalem (51). 

Some writers believe that sand was used in the 
manufacture of glass even in the time of Moses. In 
blessing the tribe of Zebulun, Moses said: ‘“‘they 
shall suck of the abundance of the seas, and of treasures 
hid in the sand” (Deut. 33, 19) (7). 

In Genesis, Jehovah tells Abraham ‘‘That in blessing 
I will bless thee, and in multiplying I will multiply 
thy seed as the stars of the heaven, and as the sand 
which is upon the sea shore .. .” (Gen. 22, 17). In 
prophesying the restoration of Israel, Hosea recalled 
this covenant (Hosea 1, 10). In the epistle to the 
Hebrews, its fulfillment is cited in the eloquent dis- 
course on faith: ‘‘Therefore sprang there even of one, 
and him as good as dead, so many as the stars of the 
sky in multitude, and as the sand which is by the sea 
shore innumerable” (Heb. 11, 12). 

One of the proverbs speaks of the high specific 
gravity of sand: ‘A stone is heavy, and the sand 
weighty, but a fool’s wrath is heavier than them both” 
(Prov. 27, 3). In the Sermon on the Mount, Jesus 
related the parable of the house built on the sand 
(Mat. 7, 26). ~ 
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When the Book of Job was written, true glass 
(crystal) must have been costly: ‘‘But where shall 
wisdom be found? . .. The gold and the crystal 
cannot equal it ...’’ (Job 28, 12,17). In the American 
translation by Smith and Goodspeed and in the modern 
Spanish translation, this is interpreted to mean glass 
(19, 50). Glass is also mentioned in Revelation 21, 
18 and 21. 

When Paul wrote, ‘“‘For now we see through a glass, 
darkly,’’ he was probably thinking of a metallic mirror 
(I Cor. 13, 12).. Some of the standard foreign trans- 
lations use in this passage simply the corresponding 
words for mirror. Diodati, for example, used the 
word specchio, Luther translated it Spregel, the modern 
Spanish translation reads espejo, and the French 
translation by Segond reads miroir. In Exodus 38, 
8 the word “‘lookingglasses’”’ of the Authorized English 
Version must certainly mean bronze mirrors (1). 

Some much more perfect mirrors (probably of glass) 
are mentioned in Paul’s second letter to the Corinthians 
and in the letter of James to the twelve tribes: “But 
we all, with open face beholding as in a glass the glory 
of the Lord, are changed into-the same image from 
glory to glory, even as by the Spirit of the Lord” 
(II Cor. 3, 18) (28). “For if any be a hearer of the 
word, and not a doer, he is like unto a man beholding 
his natural face in a glass: For he beholdeth himself, 
and goeth his way, and straightway forgetteth what 
manner of man he was’’ (James 1, 23-4). 

By the time of Paul and James, glass was abundant 
and cheap. Strabo said in his Geography that sand from 
a beach between Ptolemais and Tyre was taken to 
Sidon to be made into glass. He talked with skilled 
glass workers at Alexandria who made ‘‘many-coloured 
and costly designs.’”’ The Romans, too, were making 
colored glassware, and Strabo said that ‘‘one can buy 
a glass beaker or drinking-cup for a copper’ (36). 
The glass mentioned in Revelation 21, 21 was trans- 
parent. 

The alkalies most commonly used in ancient glass 
were niter and lime. 

2. Clay and Pottery——The posterity of Shelah, 
the son of Judah, were royal potters: ‘‘These were the 
potters, and those that dwelt among plants and hedges: 
there they dwelt with the king for his work” (I Chron. 
4, 23). Leroy Waterman’s translation of this verse 
reads: “These were the potters and inhabitants of 
Netaim and Gederah .. .”’ (19). 

In the book of Isaiah, the Lord challenges the graven 
idols: “Produce your cause, saith the Lord; bring 
forth your strong reasons. . Behold, ye are of 
nothing, and your work of nought.... I have raised 
up one from the north, and he shall come: from the 
rising of the sun shall he call upon my name: and he 
shall come upon princes as upon morter, and as the 
potter treadeth clay’”’ (Isa. 41, 21, 24-5). Another 
passage in Isaiah reads: ‘‘Woe unto him that striveth 
with his Maker! Let the potsherds strive with the pot- 
sherds of the earth. Shall the clay say to him that 
fashioneth it, What makest thou? .. .’’ (Isa. 45, 9). 
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The description of the potter’s wheel in the book of 
Jeremiah probably dates from the sixth century B.c. 
The inspiring parable of the vessel that was marred 
in the Potter’s hand reads: “Then I went down to 
the potter’s house, and, behold, he wrought a work 
on the wheels. And the vessel that he made of clay 
was marred in the hand of the potter: so he made it 
again another vessel, as seemed good to the potter to 
make it’”’ (Jer. 18, 1-6). Since aluminum silicate is not 
a constituent of the human body, the passages in which 
man is said to be formed of clay should all be inter- 
preted in the beautiful figurative sense of this parable 
(Job 4, 19; 10, 9; 33, 6). 

Ecclesiasticus included the potter’s art among the 
essential crafts (including agriculture, iron-working, 
and carpentry) without which a city cannot be in- 
habited. He described the manipulation of the 
potter’s wheel as follows: ‘‘So doth the potter sitting 
at his work, and turning the wheel about with his feet, 
who is always carefully set at his work, and maketh 
all his work by number; He fashioneth the clay with 
his arm, and boweth down his strength before his feet; 
he applieth himself to lead it over: and he is diligent 
to make clean the furnace (Ecclus. 38, 29-30). The 
Goodspeed translation of this passage states that 
“all his manufacture is by measure; He will shape the 
clay with his arm, And bend its strength with his 
feet; He puts his mind on finishing the glazing .. .” 
(19). 

R. Laird Harris interprets the proverb ‘Burning 
lips and a wicked heart are like a potsherd covered with 
silver dross’’ as an example of glazing pottery (Prov. 
26, 23). He states that oxides of lead and copper 
(common by-products of silver refining) were used in 
ancient glazes (60). Alex. R. Gordon translates this 
proverb: 


‘Like a pot overlaid with silver slag 
Are flattering lips with a wicked mind” (19). 


In the second book of Esdras, the angel reminds 
Ezra that the earth produces much more ‘“‘soil from 
which earthenware is made” than “dust from which 
gold comes”’ (II Esdras 8, 2) (19). The Wisdom of 
Solomon describes the shaping of a clay idol: ‘For 
the potter, tempering soft earth, fashioneth every 
vessel with much labour for our service: yea, of the 
same clay he maketh both the vessels that serve for 
clean uses, and likewise also all such as serve to the 
contrary: but what is the use of either sort, the potter 
himself is the judge. And employing his labours 
lewdly, he maketh a vain god of the same clay... .” 
(Wisd. 15, 7-8). 

3. Brick.—The hard, forced labor of the Israelites 
in the brickyards and the cruel demands of the Pharaoh 
and the Egyptian foremen, who demanded an un- 
diminished daily output of bricks even when the 
laborers were obliged to gather stubble from the fields 
as a substitute for straw, are recorded in Exodus 
(Ex. 1, 13-14; 5, 7-19). The straw was necessary to 
keep the bricks from cracking as they were dried in the 
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sun (8). When David conquered Rabbah and all the 
other cities of the Ammonites, he, too, forced the 
inhabitants to make bricks (II Sam. 12, 31). In the 
Smith-Goodspeed translation this passage reads: “He 
also brought forth the people who were in it, and set 
them to the saws and to cutting instruments of iron 
and to axes of iron, and on occasion he made them labor 
at the brick-molds” (19). 

Even in the time of Nahum, the primitive, un- 
wholesome process of treading the mortar seems to 
have still been in use (Nah. 3, 14). Isaiah complained 
because the people of his day were burning incense 
on brick altars instead of on earthen or unhewn stone 
ones (Isa. 65, 3). 


IX. CHEMICAL APPARATUS 


The chemical apparatus and equipment of the 
ancient Hebrews included balances and weights, tongs, 
bellows, crucibles, the mortar and pestle, and several 
kinds of furnaces. The Lord commanded the people 
to standardize their weights and measures: “Ye shall 
do no unrighteousness in judgment, in meteyard, in 
weight, or in measure. Just balances, just weights, a 
just ephah, and a just hin, shall ye have...” (Lev. 
19, 35-6; cf. Ezek. 45, 10; Job 31, 6; Amos 8, 5; 
Micah 6, 11). Some of the proverbs also refer to this 
law: “A false balance is abomination to the Lord: 
but a just weight is his delight. ... Divers weights 
are an abomination unto the Lord; and a false balance 
is not good” (Prov. 11, 1; 20, 23). 

Tongs are mentioned in Num. 4, 9 and in Isa. 6, 6 in 
connection with the religious services of the Hebrews. 
In some versions and translations, however, the utensil 
mentioned in the former reference is interpreted as 
“snuffers” rather than tongs (19, 50). Tongs were 
also used, according to Isaiah, for handling hot ma- 
terials used in the construction of idols (Isa. 44, 12). 
Jeremiah mentioned the use of the bellows in refining 
silver by the cupellation process (Jer. 6, 29). In the 
modern Spanish translation, there are several allusions 
to the crucible (el crisol), as, for example, in Proverbs 
27, 21. 

The mortar and pestle are also of very ancient origin. 
When the manna fell, ‘‘the people went about, and 
gathered it, and ground it in mills, or beat it in a 
mortar, and baked it in pans...” (Num. 11, 8). One 
of the proverbs states: ‘‘Though thou shouldest bray 
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a fool in a mortar among wheat with a pestle, yet will 
not his foolishness depart from him”’ (Prov. 27, 22). 

Several kinds of furnaces are mentioned in the Old 
Testament and the Apocrypha. The smoke from 
Sodom and Gomorrah and from Mount Sinai was 
compared to that from furnaces (possibly smelting 
or calcining furnaces) (Gen. 19, 28; Ex. 19, 18) (8). 
Furnaces for refining precious metals are mentioned 
in Proverbs 17, 3; 27, 21 and in Ezekiel 22,18. On 
or near the great wall of Jerusalem which Nehemiah 
rebuilt was ‘‘the tower of the furnaces” (Neh. 12, 38). 

Ecclesiasticus mentioned a potter’s furnace and a 
blacksmith’s furnace (Ecclus. 27, 5; 38, 28). In one 
of his proverbs he said, ‘‘As the vapour and smoke of a 
furnace goeth before the fire; so reviling before blood’”’ 
(Ecclus. 22, 24). In another apt proverb he stated: 
“The furnace proveth the potter’s vessels; so the 
trial of man is in his reasoning’ (Ecclus. 27, 5). In 
speaking of the sun’s heat, he said, ‘a man blowing 
a furnace is in works of heat, but the sun burneth the 
mountains three times more; breathing out fiery 
vapours, and sending forth bright beams, it dimmeth 
theeyes. Great is the Lord that madeit...”’ (Ecclus. 
43, 4-5). 


X. OTHER CHEMICAL INDUSTRIES 


The Hebrew people also used fermentation processes 
for making vinegar, wine, leaven, and bread. Although 
tanning is not mentioned in the Old Testament, 
Elijah’s leather girdle is evidence that the art was 
practiced (II Kings 1, 8). John the Baptist also 
wore a similar girdle (Mat. 3,4). Peter “tarried many 
days in Joppa with one Simon a tanner” (Acts 9, 43; 
10, 6). 

In the first century A.D., parchment was available 
and highly prized. In his second letter to Timothy, 
Paul wrote: “The cloke that I left at Troas with Car- 
pus, when thou comest, bring with thee, and the books, 
but especially the parchments”’ (II Tim. 4, 13). 
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Periodic Properties of the Elements 


THOMAS H. HAZLEHURST and FRANK J. FORNOFF 


Lehigh University, Bethlehem, Pennsylvania 


RAPHICAL representations of the physical and 

chemical properties of the elements are almost 
indispensable in teaching inorganic chemistry. The 
usual type of graph, in which values are plotted against 
atomic number as a series of points, leaves something 
to be desired in two respects. The charts should be 
most useful in tracing trends in families of elements 
but, while it is easy to pick out a family of elements 
at the peaks or at the minima of curves in the chart, 
points for members of other families must be searched 


for or must be joined by some sort of dotted line. If 
every family is treated in this way, the diagram is so 
crowded with lines as to be practically useless. Fur- 
thermore, the embarassing lack of data and consequent 
absence of many points makes the construction of a 
complete curve impossible, and interpolation is not 
always desirable. 

Moeller (1) has recently suggested an improvement 
upon the usual practice. He breaks the curve at the 
atomic numbers of the inert gases and puts the various 
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FIGURE 1.—DENSITY OF THE SOLID ELEMENTS 
The values have been selected from those listed in Landolt-Bornstein and in the Inter- 


Scale 0 to 25; one square = 0.25 g./cc. intl 
For elements which are solid at 20°C., this temperature was used. For the others, the density is that at 


national Critical Tables. 
the melting point. 
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FIGURE 2.—OXIDATION STATES OF THE ELEMENTS 


Heavy horizontal line = 0; squares above represent states +1 to +8; those below, states —5 to —1. 
sented by well-known compounds are filled in solidly with a “wing line’’ on each side. 


Oxidation states repre- 
Others are indicated simply by wing lines. 


Certain values have been purposely omitted, e. g., —1 for Re, and the many values which can be assigned to C in organic compounds. 


portions under one another more or less in the manner 
of a long-style periodic table. We have found a further 
modification very helpful. 

The values of a given property are plotted for the 
elements in separate boxes, the boxes being arranged 
in the form of the usual long-style periodic table. In 
order to represent the value with any accuracy, there 
must be a fairly long “‘axis’’ upon which to plot it. It 
is hardly feasible to make the box for each element very 
tall, and indeed this would defeat the main purpose, 
which is to keep the chart as nearly as possible in the 
familiar form of the periodic table. However, by 
putting in each box a half-inch square of cross-section 
paper, ruled, as usual, in twentieths of an inch, we have 
a scale consisting of 100 ruled units (10 X 10 little 
squares) large enough so that tenths of the units may 
be estimated. In effect, there is a scale of zero to 
1000. Starting at the lower left, the 100 small squares 
are counted from left to right along each horizontal 
row. After the completion of one row, the next higher 
one is begun at the left. For example, if the whole 


scale represented 1000, a value of 123 would be plotted 
by filling in the 10 squares of the bottom row, the first 
two squares from the left of the next-to-the-bottom 
row, and an estimated 0.3 of the third square in this 
row. 

A typical chart of the density of the solid elements 
is shown in Figure 1. For reproduction as lantern 
slides or for publication, black-on-white graph paper 
is most satisfactory. The squares are filled in with 
black drawing ink. When an element exists in more 
than one allotropic modification there should be some 
provision for plotting more than one value in a box. - 
The method we have used is to fill in squares as usual 
up to the lower value and then to put diagonals in the 
squares included between the lower and upper values 
as illustrated in Figure 1 in the boxes for C, P, S, and 
Sn. 

In this way it is possible to plot with reasonable ac- 
curacy all of the usual properties associated with peri- 
odicity and to have the families of elements in their 
accustomed positions, so that horizontal and vertical 
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trends are immediately observable. Elements for 
which data are not available show up as blanks with 
no necessity for attempted interpolation. 

The form of the periodic table here used, the long 
style with the rare earth elements relegated to a special 
row below the main table, is justified by the following 
considerations: First, horizontal trends in the long 
periods are obscured in the more compact forms of the 
table. Second, it is difficult in the compact table to 
distinguish clearly the subfamilies in a given column. 
Third, the slight gain in logical completeness which 
would be secured by inserting the fourteen rare earth 
elements in the sixth period would be more than offset 
by the unwieldy shape and size of the table so produced 
and by the necessity of breaking the preceding periods 
of eighteen with a broad empty region and further en- 
larging the existing gap in the periods of eight. The 
short or compact form of the table can, of course, be 
used if preferred. 

Figure 2 shows a chart of oxidation state (valence 
number), a property for which a scale of 100 is not only 
unnecessary but inconvenient. Figure 3 is a chart of 
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the isotopes of the elements obtained by plotting the 
value of W — 2Z, where W is isotopic weight and Z 
is atomic number. Aston’s general rules about the 
occurrence of isotopes are clearly illustrated. Vari- 
ations of the details may prove helpful in special cases, 
but the symbols for the elements should never be so 
prominent as to distract attention from the sequence of 
values of the quantity plotted. 

The preparation of such charts is a valuable student 
exercise, particularly if the property plotted is a little 
less common than density, atomic volume, or melting 
point. The trends ate far more obvious than they 
would be from a set of numbers placed in the boxes, and 
any normally interested student is likely to be intrigued 
into speculation about the reason for a trend or for ap- 
parent exceptions. A fairly complete set of such charts 
is a most valuable source of ideas and illustrations for 
the teacher. 


(1) MogELteErR, J. CHem. Epuc., 17, 441-2 (1940). 

(2) SEABOoRG, Chem. Rev., 27, 211-14 (1940). 

(3) TAYLOR AND GLASSTONE, ‘‘A treatise on physical chemistry,” 
D. Von Nostrand, 1942, Vol. 1, pp. 41-3. 
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FIGURE 3.—ISOTOPES OF THE ELEMENTS 


Values of W — 2Z, where W = isotopic weight and Z = atomic number. 
Isotopes listed on the basis of information in references 2 and 3. 


row = +1, etc. 


Last square in bottom row = 0, first square in second 





A Presentation of the Thermodynamic Functions 
in Beginning Physical Chemistry 


SCOTT E. WOOD, Department of Chemistry, Yale University, New Haven, Connecticut 


HE TEACHING of thermodynamics in a begin- 

ning course in physical chemistry is a very difficult 
task but it is becoming a necessity. Several suggestions 
have been made to ease the task and to give the students 
a workable understanding of the subject. These sug- 
gestions usually resolve into a substitution of words for 
the terms in a mathematical equation or a pictorial view 
of the thermodynamic functions. These methods 
would be excellent if the exactness of the mathematics 
could be preserved and if the students would retain the 
conditions that apply to such statements. But stu- 
dents ask why it is necessary to define four related 
functions and why these functions are defined as they 
are. This article attempts to show a method by which 
these questions can be answered and enters a plea for 
the exactness of the mathematical method. It presents 
the thermodynamic functions, H, A, and F from a 
mathematical viewpoint. It centers the attention on 
the system and considers the change of the thermody- 
namic functions for a change in state, rather than the 
absolute values of these functions in any state. In 
teaching by this method stress may be laid on the ex- 
perimental determination of these changes. 

Thermodynamics centers the attention on some sys- 
tem in distinction to its surroundings and on the ener- 
getics of this system. This system must be defined in 
terms of a few independent variables in order definitely 
to fix the state or condition of the system. These inde- 
pendent variables are: the substance or substances 
composing the system, the quantity of each, the state 
of aggregation, and usually the pressure and tempera- 
ture. These last two variables could be substituted by 
the entropy and volume. If gravitational, magnetic, 
electrical, or surface effects are to be considered, the 
corresponding independent variable must be included. 
By means of these independent variables, then, the 
state of the system can be rigidly defined. 

The first law of thermodynamics is the conservation 
of energy. It postulates that for any variation in a 
closed system,'! as defined above, the difference in the 
heat absorbed by the system and the work done by the 
system are independent of the method of the variation 
or the path. This defines the function of energy, E, as 


dE = Dq — Dw (1) 


The symbols Dg and Dw are used to indicate that the 
quantities are not exact differentials. The integrals of 
these quantities along a path should be indicated by g 
and w rather than gq. — gq, and w, — ™. Since dE is 

1 A closed system is one in which the mass or number of moles 
of each component is kept constant. If an open system is under 
consideration, the number of moles of each substance becomes an 


independent variable and the chemical potential the correspond- 
ing dependent variable. 


then independent of the path, the energy of the system 
is determined by the state of the system, that is, it is a 
single-valued function of the independent variables. 
The term Dw is a sum of all work terms dealing with 
magnetic, gravitational, electrical, or surface work as 
well as the work of expansion. We can specify the work 
of expansion and obtain 


dE = Dq — pexn.dv — Dw’ (2) 


where ~,7, is the external pressure and Dw’ now in- 
cludes all work other than the work of expansion. 

The form of this equation indicates that the volume is 
one of the independent variables. However, in the 
majority of experimental work the pressure, rather 
than the volume, is the independent variable. The in- 
dependent variable can be changed by adding 


d(pv) = pdv + vdp 


to both sides of equation (2). However, the product, 
Penv, has no meaning as far as the system itself is 
concerned. It attains meaning only when the external 
pressure is equal to the pressure exerted by the system. 
This is not always the case. With this limitation the 
two equations can be added to give 


dE + d(pv) = Dq + vdp — Dw’ (3) 


It is convenient to define dE + d(pv) as the differential 
of a new function 


H=E+po (4) 


This is the definition of H, the enthalpy or heat content 
of the system.? Any product of other work factors 
does not enter into the definition. Any variation of 
these variables changes the enthalpy only in so far as it 
changes the energy. 

The author believes that it is misleading to give the 
product, pv, a name such as the external energy,* as 
has been suggested. The pressure is not the external 
pressure but the pressure of the system, as has already 
been pointed out. Students retain the names rather 
than the definition. Such a name removes the atten- 
tion from the system to the surroundings. Then what 
part of the surroundings are to be considered? What 
factors of the environment of the system alter the en- 
thalpy of the system? Such questions are immediately 

2 When the pressure of the system is not uniform, as in a gravi- 
tational field, the system may be divided into parts in which the 
pressure is uniform. Then H = 2(E + pv) = E + Zpv, the sum 
being taken over the individual parts. If the volumes of the 
regions of constant pressure are infinitesimal, the 2pv may be 
substituted by /pdv, the integral being taken over the entire 
volume of the system. 

3 ROSEVEARE, “‘A presentation of the fundamentals of thermo- 
dynamics,” J. CHEM. Ep., 15, 214-7(1938). GETMAN AND 


DanigEts, “Outlines of theoretical chemistry,’’ 6th ed., John 
Wiley and Sons, Inc., New York, 1937, p. 113. 
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raised and yet are unnecessary. Furthermore there is 
no need to rename H as the total energy. The energy 
of the system is defined by equation (1) except for an 
integration constant. If only the changes of the ther- 
modynamic functions in going from one state to an- 
other are to be considered the integration constant is 
unnecessary. 

The results of a discussion of the second law present 
the entropy. This discussion can be carried out by 
considering irreversible processes or the Carnot cycle 
or both. The definition of the entropy is 


dS = dase. /T (5) 


where d@,, is the heat absorbed by the system in an 
infinitesimal reversible process at the absolute tempera- 
ture T. Substituting in equations (2) and (4) 


dE = TdS — pdv — dw' rev. (6) 
dH = TdS + vdp — dw rer. (7) 


These equations are now limited to reversible processes. 
However, since E and H/ are single-valued functions of 
the state of the system, the change in E and H in going 
from an initial state to a final state for a reversible 
process, calculated according to equations (6) and (7), 
will also be the change in E or H from the same initial 
state to the same final state for any process, reversible 
or irreversible. 

Equation (6) is all that is necessary to consider any 
problems of equilibrium. However, in both equations 
the entropy is an independent variable and a most in- 
convenient one. In order to change from the entropy to 
the temperature as the independent variable the same 
process may be used as previously by subtracting 


d(TS) = TdS + SdT 
from both sides of the equations. Then 
dE — d(TS) = —SdT — pdv — dw'rev. (8) 
and 
dH — d(TS) = —SdT + vdp — dw rev. (9) 


Again for convenience we can define two new functions 
as : 


A=E-TS 
F=H-TS 
Therefore 
dA = dE — d(TS) 
dF = dH — d(TS) 


The functions A and F are also single-valued functions 
of the state of the system, and have been given the 
names “work content” and “free energy,’’ respec- 
tively.4 Here again equations (8) and (9) are limited 
to reversible processes. But the change in A and F in 
going from an initial state to a final state by a reversible 

‘If the product 7S is not uniform throughout the system, the 
system can be divided into parts in which 7S is uniform. Then 
A = E — 2TSand F = H — 3TS, the sum being taken over the 
individual parts of the system. If the volumes in which 7S 
is uniform are infinitesimal, the 27S may be substituted by 


J (TS/v)dv, the integral being taken over the entire volume of 
the system. 
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process calculated according to equations (8) and (9) 
will be identical with the change in these functions in 
going from the same initial state to the same final state 
by any process, reversible or irreversible. 

It might be convenient to give the product, 7S, a 
name, but again this is usually misleading, e. g., naming 
it the isothermally unavailable energy. We can con- 
sider a pure vapor at its condensation point and allow 
it to condense reversibly and isothermally. Work is 
done on the system and heat equal to JAS is liberated. 
This heat can be used for the production of work by 
means of some heat engine. However, if we now 
wanted to vaporize the liquid the same amount of 
heat liberated would have to be added to the system. 
This would no longer be available. It is the limitation 
of operating in cycles which is important and which the 
students are prone to forget. 

The use of diagrams to relate the various thermody- 
namic functions have been suggested. But these must 
be drawn and used with exceedingly great care. For 
example, in one of the diagrams used by Becher? it 
seems that JAS as determined from — 7(64A/67), is 
equal to that determined from — 7(6AF/67),. If we 
start with two identical systems in the same initial 
state and increase the temperature in each to the same 
extent but hold one at constant volume and the other 
at constant pressure the final states are not the same 
and 7S is different in the two cases. 

We now have the following equations giving the 
change of the thermodynamic functions with a change 
of state: 

dE = Dq — Pext.dv — Dw’ (2) 
dH = Dq + vdp — Dw’ (3) 
and for reversible processes 
dE TdS — pdv — dw' rev. (6) 
dH = TdS + vdp — dw'rev. (7) 
dA —SdT — pdv — dw'reo. (8) 


and ‘ 
dF —SdT + vdp — dw'rev. (9) 
It will be noticed that in all equations the term dw». 
appears in the same manner. The combination of the 
chosen independent variables will determine which is 
the most convenient function to use. The change in E 
and H for any change in the state of the system can be 
determined by integration along a definite path for an 
irreversible process by equations (2) and (3), and by 
integration between the initial state and final state for a 
reversible process by equations (6) and (7). The 
change in A and F can be calculated for any change in 
the state of the system by integration between the ini- 
tial and final state of the system for a reversible process 
by equations (8) and (9). It is easy to point out by 
means of these equations how the change in EF, H, A, 
and F, inay be experimentally determined under various 
conditions, particularly under constant S, 7, v, or p, as 
the case may be. 


5 BecHER, “A method of teaching thermodynamic functions,” 
J. Cuem. Ep., 19, 287-8 (1942). 








CHARLES D. HOWARD 


AM utilizing this opportunity to discuss—as it has 
concerned me and for what it may be worth as be- 
ing merely one man’s impression—some general as- 
pects of the profession which, during my fifty years’ 
connection with it, have occasioned me some thought 
at various times. I trust that in connection with what 
I shall have to say, it will be appreciated that no per- 
sonalities are intended. 

It may be wondered how one so lacking in classroom 
teaching experience should presume to discuss the handi- 
work of those with whom teaching is a profession. 
Admittedly, I am not a teacher in the accepted sense, 
although I have been instructing chemists in certain 
applications of this science for the greater part of my 
life—to say nothing of trying to instil some aspects of 
it into the minds of a large section of the general public. 

During the past thirty-seven years I have witnessed 
an almost constant procession of youthful chemists, 
from various institulions, going through our labora- 
tories. Asa rule these have remained there just about 
long enough to qualify elsewhere for better salaries than 
the State has chosen to pay—incidentally, a short- 
sighted attitude on the State’s part. Most of these 
young men have been good, a few have been exceptional, 
and, as might be expected, some have not been so good. 
In some of the latter cases I have had to feel that train- 
ing was not all it might have been, at least not for our 
purpose. 

The work of the chemical laboratories of our State 
health department comprehends a rather wide field. 
Yet much of it is only indirectly concerned with the 
usual run of applied subjects taught the student of 
chemistry in the colleges and technical schools, where 
after the fundamentals, the teaching largely tends to- 
ward industrial pursuits. 

It is true there is some instruction in the application 
of sanitary chemistry. The student will conduct one or 
more water analyses and he will do a little food analy- 
sis, receiving also some instruction in the analysis of 
dairy products. He will, if the course is sufficiently 
comprehensive, get some other specialties in this field. 
At best, however, as regards application of sanitary 
science, he gains but a smattering knowledge—a sort 
of general idea of what it is all about. 

In our laboratories each year several thousand 
samples of water are run, bacteriologically and chemi- 
cally. Inorder to handle this routine, to do it accurately 
and understandingly, and especially in order to inter- 
pret correctly the significance of the analytical findings, 
as these relate to the numerous special problems arising, 


1 Presidential Address, New Hampshire Academy of Science, 
1942. 
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means that the student fresh from college, whether he 
be the holder of a bachelor or an advanced degree, has a 
great deal to learn before he safely can be entrusted to 
proceed without supervision. True, he can soon learn 
to be a mere analyst in this field; but there is more to it 
than that. 

The same is even more true of food analysis, which, 
aside from dairy products, is a more complex subject 
than is that of water and sewage. A major part of the 
duty of the food analyst is to determine compliance 
with law, as concerns adulteration and misbranding. 
There are, of course, textbook methods for his guidance. 
But here the field is an exceedingly wide one. The 
determination of whether or not a given article is mis- 
branded calls not only for sound basic training and 
skilled chemical knowledge but for an intimate under- 
standing of our food laws as well. Foods for analysis 
cannot be put through any general routine procedure 
applicable to all; each is a problem by itself. The main 
thing at the outset is to know what to do in a given case, 
which determinations are essential to that particular 
case, and which ones are not. Any chemist can carry 
out a moisture or an ash or a fat or a nitrogen deter- 
mination. Too often our men have been disposed to do 
these things perfunctorily, to record such data on a card, 
turn it in, and let it go at that—the results often telling 
us little of what we really need to know concerning the 
article under investigation. 

Our work also involves the analysis of drugs and 
medicines and the associated preparations of cosmetics, 
a subject more difficult and exacting than any other, 
with the possible exception of toxicology and related 
chemico-legal investigations. It is true that, as in food 
analysis, there are schemes for drug assays which the 
chemist may follow, and some of these are relatively 
simple. But when he gets into the field of compounds 
and mixtures, proprietary remedies, and the analysis 
of unknowns, he has some difficult problems, ones call- 
ing for a considerable knowledge of the subjects of phar- 
macy and pharmacology. So far as I have observed, 
the chemists who come to us from our colleges and tech- 
nical schools have received no instruction whatever in 
these subjects. Hence, that knowledge has to be ac- 
quired ‘‘on the job.’” 

It can, of course, be argued that these are specialty 
matters taught in the schools of pharmacy, and that we 
should look to the latter for this type of chemist. Un- 
fortunately, in our department, as in most other state 
health laboratories, we do not have the means of doing 
this. We must depend upon the graduate in general 
chemistry, who in most cases comes to us fresh from his 
collegiate training. This does not prevent expression 
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of a wish on my part that the professional chemistry 
course might include the rudiments of drugs and their 
analysis, although I realize this is something scarcely 
to be hoped for. 

In a laboratory such as ours there are many miscel- 
laneous examinations. A popular impression has per- 
sisted through the years that ours is the “‘State Labora- 
tory,’’ to which any citizen is permitted to submit for 
analysis a specimen of almost anything concerning which 
he desires information. Of course, as a part of a health 
department, there is actually no such general privilege. 
Nevertheless, some of this miscellaneous work we feel 
obligated to do as an accommodation for our citizens. 
Also, a great deal of it devolves upon us in connection 
with our enforcement of various special laws. 

We have numerous specimens submitted us of un- 
known character, or without labeling, where it is de- 
sired to know what the thing is, its comparative value, 
whether or not there is any illegality in its sale or dis- 
tribution, or whether or not it involves anything dele- 
terious to health. The analyst must know what to do, 
and no time must be wasted in making determinations 
not calculated to throw light on the problem or to at- 
tain the particular end sought. In short, this implies 
the ability to so conduct an investigation as to find out 
certain facts needing to be ascertained. 

That is the art of the analytical chemist. That 
ability, as I see it, is what distinguishes the true chem- 
ist from the mere analyst. It is something calling for 


brains, as well as for an interest and enthusiasm in one’s 
field. Manifestly, the ability to do this efficiently is 


something which can only be acquired by experience. 
Of the new graduate, it scarcely is to be expected. 
What we are entitled to expect of such graduate is that 
the capacity for this be in his mental equipment. With- 
out this capacity he should not be graduated in chem- 
istry. 

Accuracy is a sine qua non in any laboratory. In one 
such as ours, concerned so largely as it is with the law 
enforcement, an analyst’s lack of capacity for accurate 
and dependable work is a fatal defect. Not only must 
we be absolutely certain of our work when it is a case 
involving court action but this is almost equally neces- 
sary in connection with the many notifications annually 
addressed by us to manufacturers and dealers charging 
adulteration, mislabeling, or other illegality or impro- 
priety. 

It simply means that the work of the tyro chemist 
must be constantly supervised. For many years, one 
of my tasks has been to scan and to judge the compati- 
bility, plausibility, and reasonableness of analytical 
findings turned in to my desk. It is rather remarkable, 
perhaps, how one can eventually develop a sort of sixth 
sense for noting figures of dubious accuracy. Even so, 
one cannot, of course, be infallible in this respect. And 
if the inaccuracy is not obvious from our knowledge of 
the thing involved and on the grounds of consistency 
and compatibility, it is likely to get by. 

Finally, I should like to emphasize the modern and 
most important role of bacteriology in a health depart- 
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ment chemical laboratory. Today, the practitioner of 
sanitary chemistry must be a bacteriologist as well as a 
chemist. Bacteriological examinations are a routine 
and important part of every water and dairy product 
analysis. These the sanitary chemist has to be trained 
and qualified to perform and to evaluate, no less than 
the purely chemical operations. They cannot be 
turned over to another laboratory. 

Also, in connection with food analysis in general, the 
bacteriological aspect frequently is involved. For ex- 
ample, a few months ago we had an outbreak of food 
poisoning involving nearly 100 cases of sickness, with 
two deaths. Asa part of our job, we were called upon 
to investigate this and were successful in definitely de- 
termining not only the particular article of food but the 
organism responsible—often a baffling thing to do. 

Hence, the student in chemistry who may anticipate 
entering a health department laboratory, a water works 
control laboratory, or a food industry laboratory should 
have the fundamentals of bacteriology and be equipped 
with a good working knowledge of bacteriological 
technic. Too often in the past such a knowledge has 
been completely lacking in the chemists we have re- 
ceived. For that matter, I would go even further than 
chemists and would exact a similar requirement of stu- 
dents in sanitary engineering. 

As I conceive it, two general aims are involved in the 
teaching of chemistry. One of these is to impart the 
rudiments of the science to that overwhelmingly large 
class of students who, in after life, will make no appli- 
cation of it. The other is the making of professional 
chemists. Intermediate are to be recognized such 
professions as those of medicine and nursing and the 
teaching of high school science, for which a fair working 
knowledge of the principles of chemistry is essential. 

My personal feeling is that for the lay student, 
whether he be in high school or in college, the teaching 
of chemistry now tends to be overdone in the sense that 
there is too much complex theory, too much of the 
mathematical and physical phase, too much of.various 
things the knowledge of which will be of no possible 
value to the future farmer, artisan, business man, or 
housewife, and which knowledge will quickly fade. The 
trouble, as I see it, is that some chemistry teachers are 
so imbued with their subject that they are unconsciously 
bending their efforts to the making of pseudo-chemists 
of those who will spend their lives in the ordinary every- 
day pursuits by which most people gain a livelihood. 

Time and again persons coming to my office have 
said to me in substance that they ‘‘took chemistry in 
the high school” but that they now remember little or 
nothing about it, and some have remarked how difficult 
a subject it was for them to comprehend. And I am 
sure there is many a person who should have some 
knowledge of the rudiments but who has none whatso- 
ever, or even any very good idea of what it is all about, 
simply because, while in high school, he gained an im- 
pression that it was a “tough subject,’”’ so avoided it 
altogether. 


This is most unfortunate. To my mind, every per- 
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son during the course of his education should be re- 
quired to gain some acquaintance with this science. 
To this end, dabbling into the intricacies of chemical 
physics and mathematics, such as “the arrangement of 
planetary electrons,” ‘‘the structure of atoms,” “the 
theory of electrolytic dissociation,’ and methods for 
the determination of atomic weights, should have but a 
minor place in an academic course, whether this be in 
high school or college. 

I have taken occasion to examine a number of high- 
school and college text books in this science. While 
some have appealed as excellent from the standpoint 
of this discussion, too many others left me with small 
wonder at the bewilderment and befuddlement expe- 
rienced by so many academic students, at their violent 
distaste for this subject. True, some like it, some have 
no difficulty, and I suppose it can be argued, as for 
Greek and the higher mathematics, that it is all good 
mental discipline, assisting to a well-rounded general 
education. 

The chemistry of common things and the rudiments 
of the applications of this science in the arts and indus- 
try are fascinating subjects. I well resiember my own 
high-school course based upon a most interesting and 
valuable little textbook called ‘‘Steele’s Fourteen Weeks 
in Chemistry.’’ Everyone was required to take that 
course and I believe nearly everyone like it and profited 
from it. Its merit was that it was simple. It dealt 
with the commoner aspects of this science which every- 
one should be required to know something about. 

And so I would say to the teachers of such students, 
avoid those topics which are of more concern to the 
professional chemist, and “‘keep it simple.’’ By so do- 
ing, I believe these students will gain more in the end 
and there also will be more students of this subject. 

As to the making of professional chemist, I will men- 
tion two more things. One of these is that as the course 
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advances and the student gets into the specialties of the 
subject, he may forget or fail to continue to apply the 
knowledge earlier gained of fundamental principles. 

It has not been unusual for me to encounter men who, 
while seemingly familiar enough with the more ad- 
vanced phases of the science, have too hazy a knowledge 
of the fundamentals underlying the operations of quali- 
tative, quantitative, and volumetric analysis, of such 
simpler things as valence and the ability to make chemi- 
cal computations accurately and understandingly. I 
do not know how this deficiency could be remedied, 
unless it might be through devoting more time and at- 
tention to these fundamentals at the time they are first 
studied, or else through refresher courses given in the 
senior year. Whether he be the holder of a bachelor’s, 
a master’s, or a doctor’s degree, any deficiency here is 
serious, if the chemist is to enter an analytical labora- 
tory. 

The other thing I would emphasize is that, whether 
the person be a chemist, an engineer, or a member of any 
other professional group, the ability to write decent 
English, to prepare a report which is presentable to the 
public, which is logical in its deductions, and which 
presents all of the salient facts, is something very much 
to be desired. 

My observations of this matter lead me to conclude 
that in our high schools and colleges there is a tendency 
to devote too little attention to this very important 
matter of English composition. Too often the ten- 
dency is, as I believe, to give the student a little of it, 
then allow him to drop it and pass to other and pre- 
sumably more important things. It might not be un- 
reasonable to suggest not only that the writing of 
themes of some kind be made a requisite during the entire 
course but also that such themes or reports be criticized 
on the basis of use of English and logic of expression as 
well as for accuracy of statement of fact. 





Research Reports by Students 


OLIVER GRUMMITT, Western Reserve University, Cleveland, Ohio 


i ORDER to teach graduate students to write ac- 
ceptable research reports it has been found advan- 
tageous to furnish new students with a copy of the fol- 
lowing notes. After several progress reports on the the- 
sis research problem have been written and these have 
been criticized by the instructor, most graduate stu- 
dents will have acquired some facility in report writing. 
Without this directed practice it is possible that the 
only occasion for a graduate student to exercise his writ- 
ing talent is in the preparation of the thesis. Under 
such circumstances it is not remarkable that some chem- 
ists are unable to write reports. 


Although opinions on the composition of a research 
report may differ widely, it was thought that these 
notes might be of use to other students and instructors, 
too. 


RESEARCH REPORTS 


According to many published statements of research 
directors the most common and serious deficiency of 
their chemists is the inability to present the results of an 
investigation either in written or oral form. This is es- 
pecially unfortunate in large research laboratories 
where most of the supervisory personnel has contact 
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with the research chemist almost entirely through re- 
ports of one kind and another. Mediocre reports mean 
that the research heads can form an unfavorable opinion 
of a chemist in their employ despite the fact that his 
work may be satisfactory. The certain way of avoiding 
classification among the frequently criticized chemists 
who cannot write is to learn the fundamentals of report 
writing as a student. 

The purpose of these notes is to describe briefly the 
style, organization, and conventions which constitute a 
good report. Much of what is included here also applies 
to the writing of theses and journal articles. 


STYLE 


A good report is one that presents the material with 
the maximum clarity. Because the author of the report 
is so thoroughly familiar with his work that he is not 
likely to appreciate the reader’s viewpoint without mak- 
ing a conscious effort to do so, clarity is actually very 
difficult to attain. It can be attained, however, by keep- 
ing in mind the reader and by logical organization, care- 
ful selection of words, and the skillful use of diagrams, 
tables, and graphs. It should go without saying that 
the writer of the report must understand his work in 
order to present it clearly. 

The well-written report must be both complete and 
concise. When there are considerable literature and ex- 
perimental material to be reported, it is good practice to 
check at the top of the notebook pages those whose con- 
tents have been included in the report; otherwise, work 
done some time in the past may be overlooked. Com- 
pleteness can be gained without going to great lengths 
if the material*is properly organized and consolidated. 
Conciseness permits the reader to go over the report 
quickly and efficiently. 

The expectation that good English be used in a re- 
port is entirely reasonable, although it is one that is not 
always realized. Grammatical errors and misspelling 
create a bad impression that is by no means off-set by 
the good features of the report. Acceptable English in- 
cludes careful construction of sentences and paragraphs, 
the consistent use of a verb tense, and a discriminating 
choice of words. Words which are frequently over- 
worked are data, yield, phenomenon, increase, and de- 
crease. If these words are used with a due regard to 
their meaning, and if synonyms are occasionally substi- 
tuted, they will not become repetitious. Certain words 
are often confused, such as adsorb and absorb, and af- 
fect and effect. Also to be avoided in the report are 
“slang’’ technical expressions such as ‘“‘aromatics”’ for 
aromatic hydrocarbons, “strip” for distill, and ‘‘goo”’ 
for resinous residue. 

Good English also means that only accepted abbre- 
viations are used. Permissible abbreviations include 
em., ec., ml., g., A., °C., %, m. p., b. p., cal., and kcal. 
In the text the names of compounds rather than formu- 
las are used. In general more abbreviations and sym- 
bols are allowed in tables and graphs than in the text 
because of the need of conserving space. Sentences 
should not start with numerals; for example, ‘“Two 
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hundred grams of solid...” is correct, as is ‘“The solid 


consisted of 200 g.”’ 


ORGANIZATION 


The first step in report writing is to outline all the 
material in order to get a logical presentation. The 
four major headings in this outline should correspond to 
the four main sections or chapters of the report: Jntro- 
duction, Results and Discussion, Experimental, and Sum- 
mary. 

Introduction. This section includes a summary of 
the pertinent literature to serve as a background for the 
problem under investigation. Careful reading of the 
literature is required for this summary in order that the 
methods and results of the earlier work can be inter- 
preted and evaluated. The material should be arranged 
in an orderly fashion so that its significance is readily 
grasped. If there are many references a preliminary 
outline will be helpful. It may be necessary to copy 
tables and graphs from the literature or even to con- 
struct tables and graphs if they will clarify the material 
being discussed. The importance of this part of the re- 
port must not be underrated, because it must show 
both the background for the problem and its relation to 
the general field. 

At the end of the introduction, a brief statement of 
the purpose or objective of the investigation should be 
made. Usually one or two sentences will suffice. 

If the report is one of a series on the same research 
problem, 7. e., a “progress report,” the literature survey 
and purpose need not be repeated after the first report. 
Contemporary publications, however, which are per- 
tinent to the problem should be included in the report 
immediately following the publication, in order to keep 
the literature survey up to date. It is therefore neces- 
sary to read through the current issues of the Journal 
of the American Chemical Society, Industrial and Engi- 
neering Chemistry, and the Analytical Edition of Indus- 
trial and Engineering Chemistry each month, as well as 
the relevant sections of Chemical Abstracts every two 
weeks. The rapid development of chemistry and the 
need, therefore, for constant study require the chemist 
to devote considerable time to the chemical journals. 
Although the demands on the time of a graduate stu- 
dent are already large, the reading of journals should be 
done as a part of the research work. 

Results and Discussion. The results of the experi- 
mental work, exclusive of the details of the actual pro- 
cedure, are set forth and discussed in this section. 
Charts, tables, and graphs should be used whenever 
possible because they present a large amount of infor- 
mation with maximum clarity and in minimum space. 
This section must be carefully organized, which means 
that in all probability the order of presentation of the 
results will be quite different from the chronological or- 
der in which the work was done. 

When the results have been set forth and evaluated, 
they should be discussed in the light of previous work in 
this field. It should be made clear in what way this re- 
search has extended and modified present knowledge. 
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If the new results are contradictory with those of other 
workers, an effort to explain this situation ought to be 
made. A certain amount of intelligent speculation on 
the results of applying these findings to other work may 
properly be included here. 

In general all experimental details concerning chemi- 
cals, apparatus, and technic are excluded from Results 
and Discussion, unless they have a direct bearing upon 
the nature of the results. For example, if one had used 
refractive index-per cent composition data for analysis 
it might be necessary to point out: “Since the refrac- 
tive indices were determined with the Abbe refracto- 
meter, the accuracy is only +0.0002....’’ Except for a 
case such as this one no mention need be made of the 
particular instrument used until the Experimental sec- 
tion. Very often the effects of changes in experimental 
conditions are discussed and usually this may be done 
without giving exact quantities except in the tables and 
graphs; for example, ‘‘an excess of reactant A instead 
of B caused...”; or “longer reaction times favored 
the formation of product C...”’ 

Occasionally certain experimental measurements 
which have been used to calculate results need not be 
included in the discussion of results but can be placed in 
an appendix at the end of the report. This is true only 
of measurements which in themselves are not required 
for the discussion; for example, in measuring the rate of 
oxygen absorption of oil films numerous weighings are 
made at time intervals and graphs of time versus weight 
increase are prepared. The graphs belong in Results, 
but the actual times and weights might best be placed 
in an appendix in the form of tables, if for purposes of 
discussion a comparison of the time-weight curves suf- 
fices. 

A further example might arise where very careful 
measurements have required calibration of certain in- 
struments. The writer wishes to show his calibration 
figures in his report in order to substantiate his claims 
to accuracy but, since these figures are not in them- 
selves discussed or possibly only mentioned briefly, it 
would be more convenient to relegate such tables to the 
appendix. In this way the discussion of results is sim- 
pler and more readable. 

Experimental. This section includes, in the order 
shown, a description of the apparatus employed (with 
drawings if a written description is insufficient), the 
preparation and purification of chemicals, and then the 
experimental procedure. It is usually convenient to 
use subheadings which may be placed at the beginning 
of the paragraph; such as, Purification of Acetic Acid. 

The order in which the material of this section is pre- 
sented should parallel as nearly as possible the order 
used in the previous section. If a series of experiments 
has been run in which the procedure is the same in each 
case, then a single description of that procedure is suffi- 
cient. The experiments should be numbered with Ara- 
bic numerals and arranged in a logical sequence. This 
sequence may or may not be the same as the order in 
which the experiments were done. If the procedures 
used in the various experiments differ, then, of course, 
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each experiment must be described individually. 

In the description of the synthesis of a compound 
both the weights and the number of moles of react- 
ants should be stated; for example, ‘‘. . . is added to 
33.5 g. (0.31 mole) of phenylhydrazine.” 

When analytical results are given, both calculated 
and observed percentages are stated. The accepted 
form for these results is as follows: 


Anal. caled. for C30H3,OsN2: C, 65.42; H, 6.28; N, 5.09. 
Found: C, 65.31; H, 6.18; N, 5.39. 


Unless the analytical method used was specially de- 
veloped in the course of the work or was a known 
method which required modification, no description of 
the method need be given. It is sufficient to say ‘‘ni- 
trogen was determined by the Kjeldahl procedure’ be- 
cause the method is well known. For less familiar pro- 
cedures a reference to the journal article consulted 
should be given. 

Summary. This fourth and last section is a brief 
compilation of the results obtained in the research. In 
effect the summary is a condensation of Results and Dis- 
cussion. It should be so organized and worded that, if 
one were to read only this part of the report, it would be 
possible to grasp the nature of the problem and the re- 
sults of the work. It is sometimes convenient to list 
the results in numbered paragraphs each containing a 
sentence or two. 

The good research report is not only one that is writ- 
ten in the correct style and with logical organization 
but it is also one in which the references, tables, and 
graphs are set forth properly. 

References. In a brief report which includes only a 
few references, such as a progress report, the references 
may be inserted in the text parenthetically. In all other 
reports, however, the references are each indicated by 
a number in parentheses; e. g., “Smith and Jones (4) 
reported ....’’ This same number is used in the bibli- 
ography for the corresponding journal reference, the 
bibliography being a separate part of the report follow- 
ing the summary and preceding the appendix. The 
reference numbers increase numerically throughout the 
report, except when a reference is used more than 
once the same number is employed. Where a bibli- 
ography contains a large number of references, as in the 
case of a scientific monograph or long review article, 
the references are arranged so that the authors’ names 
are alphabetical. This is usually unnecessary in a re- 
port. 

The accepted practice in writing out a journal refer- 
ence is to give the author’s surname, the abbreviated 
title of the journal, the volume number underlined, the 
page number, and finally the year. The following ex- 
ample is properly punctuated: 


Prey, Ber., 74B, 1219 (1941). 


There is no need to invent abbreviations for journal 
titles because accepted ones are already established; 
“List of Periodicals Abstracted”’ in Chemical Abstracts, 
1936, gives abbreviations for about 2800 journals. 
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Sometimes it is convenient to glance through a number 
of Chemical Abstracts or the Journal of the American 
Chemical Society to find the journal title in question. 
If the journal is one which is not likely to be available 
in most chemical libraries, both the journal reference 
and the abstract reference in Chemical Abstracts 
should be given in the bibliography to facilitate the 
reader’s consultation of the literature. For example: 


Day and Sankaron, Proc. Natl. Inst. Sci. India, 6, 173 (1940); 
C. A., 36, 4824 (1942). 

If the reference is a patent, give the name of the in- 
ventor, country, patent number, and date of issue. For 
example: 


Carothers, U. S. Patent 2,071,250, Feb. 16, 1937. 


In case the reference is a book, the author’s name, 
title of the book, publisher, location of the publisher, 
date of publication, and page are all given; for exam- 
ple: 

Branch and Calvin, ‘‘Theory of Organic Chemistry,” Prentice- 
Hall, New York, 1941, p. 250. 


If a thesis is referred to, give the author’s name, de- 
gree for which thesis was written, university, and date. 
For example: 


A. Smith, M.A. Thesis, Western Reserve University, 1939. 


Occasionally reference is made to a paper presented 
at a meeting which has not yet been published in a 
journal. The following example shows the proper form 
of such a reference: 

Andrews and Young, paper presented before the Division of 


Organic Chemistry, American Chemical Society meeting, Mem- 
phis, Tenn., April 20-24. 


Although conventional abbreviations and punctua- 
tions for references may seem trivial, they are import- 
ant for the sake of consistency and good form. 

Tables. Tablesare numbered consecutively with Ro- 
man numerals followed by brief descriptive titles. They 
are placed in the report as close as possible to the point 
where they are first discussed. Unless the table is large, 
it need not be placed on a separate page. If the table 
includes a list of experiments, the experiments should 
be numbered with Arabic numerals for convenience in 
referring to them. The units for tabulated quantities 
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may be given in the heading for a column or with the 
first figure in the column and therefore need not be re- 
peated for the rest of the figures. The order in which 
the columns are arranged, either from left to right across 
the top of the page or from top to bottom at the left- 
hand side, should be carefully chosen. The following 
sample table illustrates these points: 


TABLE I 
EFFECT OF EXPERIMENTAL CONDITIONS ON YIELDS OF X 


Reactant A Reactant B 





Exp. No. Grams Moles Grams Moles Time Temp. % Yield 





Graphs. It is beyond the scope of these notes to dis- 
cuss graphical methods, but these are already treated 
by Rhodes (1), Daniels (2), and others. 

Graphs are numbered consecutively with Roman 
numerals, given brief descriptive titles, and located on 
separate pages in the report as close as possible to the 
point where they are first discussed. The elementary 
rules of analytical geometry requiring that the scales 
should be selected so as to use most of the paper and 
that the independent variable be plotted as the abscissa 
are still valid here. The points for a single curve on the 
graph are shown as small circles. If there is more than 
one curve in the same graph, it is necessary to distin- 
guish the curves by using circles as points for one, boxes, 
crosses, and the like for each of the others. A suitable 
legend on the graph explains the meaning of the various 
“points”; for example: 


GraPH I 
EFFECT OF CONCENTRATION ON ACID NUMBER 


O—at 200°C 
(J—at 225 
+—at 250 


Interpolated and extrapolated portions of a curve are 
usually made with dotted lines. 
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(1) RuopeEs, ‘‘Technical Report Writing,’’ McGraw-Hill Book 
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engineer. It includes on p. 120 a bibliography of some of 
the standard references on technical reports and mathe- 
matical methods employed in statistics and graphical 
methods. 

(2) DanrEts, ‘‘Mathematical Preparation for Physical Chem- 
istry,” McGraw-Hill Book Co., New York, 1928. 





MIRROR USED TO SHOW SPOT PLATE TESTS 


G. P. PERCIVAL ; 
University of New Hampshire, Durham, New Hampshire 


An ordinary twenty-five cent mirror (glass size 9'/. 
inches by 71/2 inches) and a metal coat hanger from the 
dry cleaners are all the equipment needed to show 
spot-plate tests to an audience. Straighten out the 


wire hanger, and then bend it to form a support, so 
that the mirror on its side will lean over the plates at an 
angle. Thecolor developed in the spots is reflected and 
can easily be seen by an audience even in a large room. 








Preparations and Properties of 
Ammonium Diuranate 


HURD W. SAFFORD and A. KUEBEL? 
Department of Chemistry, University of Pittsburgh 


HIS paper describes a commercial method and a 

laboratory method for the preparation of that 
ammonium compound of uranium usually called ‘‘am- 
monium diuranate’”’ or “‘ammonium uranate”’ and rep- 
resented by the formula (NH4)2U20;7. Certain of its 
chemical and physical properties are also presented. 

Commercially, the compound is sometimes known 
as “uranium yellow’ although this name is more fre- 
quently applied to the corresponding sodium compound 
of uranium, sodium diuranate. Both the ammonium 
and the sodium diuranates are used as coloring agents 
in glass, and they are prepared on a commercial basis 
from pitchblende ore. A procedure which may be used 
for the industrial extraction of uranium from pitch- 
blende ore and which has been duplicated on a labora- 
tory scale in this investigation follows. 

Pitchblende concentrate was given a preliminary 
roast in air at approximately 750°C. to decompose any 
organic material which might have been present and 
also to decompose metallic sulfides and carbonates. 
These last two constituents, if left in the ore, would 
have caused undesirable effervescence in the sulfuric 
acid leach which was the first step in wet treatment 
of the ore. A second roast was then carried out after 
the ore had been mixed with sodium chloride. The 
purpose of this heating was to convert all silver which 
might have been present in the free or combined state 
to silver chloride. For the removal of uranium, which 
is usually present in the ore as an oxide, the product of 
the salt roast was boiled with 1:1 sulfuric acid solution. 
(Sodium nitrate may be added at this stage to oxidize 
any uranium left in the quadrivalent state to the sex- 
avalent state.) The crude uranium sulfate solution 
was then separated from the residual ore by filtration. 
The ore residue, which contained radium as well as 
silver, was treated for the extraction of these two 
elements by a process described in an earlier paper.* 
The steps for the purification of the crude uranium sul- 
fate solution and for the production of the salt, am- 
monium diuranate, are outlined in the accompanying 
flow sheet. This is very similar to the process followed 
in the radium refinery of the Eldorado Gold Mines, 
Ltd., at Port Hope, Ontatio, where pitchblende ore 
from the Great Bear Lake deposits is treated. 

For the laboratory production of ammonium diura- 
nate it is, of course, much easier to begin the prepara- 

1 Contriubtion No. 488 from the Department of Chemistry, 
University of Pittsburgh. 

2 Present address: JOURNAL OF CHEMICAL EDUCATION, Met- 


calf Chemical Laboratory, Brown University, Providence, R. I. 
3 J. Cuem. Epvuc., 17, 417 (1940). 
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tion with a chemically pure uranium salt rather than 
with pitchblende ore. Uranyl nitrate, UO.(NO3)26H2O, 
is a convenient compound to use because it is one of 
the commonest and least expensive uranium salts and 
because it is readily soluble in water. This material 
was employed in the laboratory investigation described 
below. 

Hydrated ammonium diuranate was precipitated 
from an aqueous solution of uranyl nitrate by addition 
of concentrated ammonium hydroxide. The precipi- 
tate, which was bright yellow in color and which settled 
out of solution readily, was exceedingly difficult 
to filter even by suction because it tended to cake. 
For this reason, the compound was washed by decant- 
ing the supernatant liquor and replacing it with dis- 
tilled water a total of eight times. As the concentra- 
tion of excess ammonium hydroxide in the surface 
liquor decreased, the precipitate settled less readily; 
by the time this liquor was decanted for the eighth time, 
it was quite turbid. This may indicate that the pre- 
cipitate was a positively charged colloid and that the 
removal of OH™ ions, which coagulated the particles 
in basic solution, permitted a redispersion of the col- 
loid. The wet precipitate was transferred to a sintered 
glass suction cup and was washed with absolute alcohol 
and then with ethyl ether. Finally, air was drawn 
through the precipitate until the last traces of ether 
were removed. : 

To determine whether drying the compound at 100°C. 
in an oven had any effect upon its composition, 7. ¢., 
to determine whether heating it at that temperature 
could eliminate NH; in addition to water and leave the 
uranium in the form of an oxide (possibly UOs), samples 
of oven-dried material and of material desiccated at 
room temperature with anhydrous calcium sulfate were 
taken for x-ray analysis. Diffraction patterns of each 
were made under similar conditions with Cu-Ka radi- 
ation, using a current of 18 milliamperes at 42 kilovolts 
(Figure 1(A) and (B)). The linesin the patterns of the 
samples were in correspondingly identical positions, a 
fact indicating that drying ammonium diuranate in 
an oven at 100°C. does not alter its structural com- 
position appreciably. But there is definite evidence of 
a change in structure when decomposition takes place 
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FiGuRE 1.—X-Ray DIFFRACTION PATTERNS: (A) OVEN- 


DRIED SAMPLE OF AMMONIUM DIURANATE; (B) SAMPLE DESIC- 
CATED OvER CaSQ,; (C) Uranosic OxipgE, U;03; AND (D) 
URANIUM ‘DIOXIDE, UOz,, THE RADIATION USED IN ALL CASES 
Was CopPER FILTERED WITH NICKEL 
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at higher temperatures. When ammonium diuranate 
was heated above 100°C., its color changed from orange 
to brown or reddish brown. This reddish brown prod- 
uct was probably an oxide, but its structure was not 
well defined since it seemed to be amorphous as far as 
x-ray and microscopical methods of analysis were con- 
cerned. The color of the material changed continu- 
ously as the temperature was increased. At 750°C. the 
product was the olive-green oxide of uranium called 
“uranosic oxide’ and represented by the formula 
U30s. When this decomposition in air at 750°C. was 
carried out on a quantitative basis, it was found that 
the loss in weight on decomposition amounted to 13.2% 
of the weight of the original sample of ammonium 
diuranate. 

When, however, the diuranate was heated to 750°C. 
in dry hydrogen, the loss in weight amounted to 14.4% 
of the weight of the original sample. The differences in 
loss in weight in the two experiments are accounted for 
by the fact that when ammonium diuranate was de- 
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composed in hydrogen, the product formed was the 
lowest stable oxide of uranium — uranium dioxide, 
UO:, instead of the higher oxide, U30s. X-ray photo- 
grams of U;0s and UO, are shown in Figure 1 (C) and 
(D). Although data for the former do not appear in 
the literature, the interplanar spacings calculated for 
UO, agreed with published values. The dioxide, UQOz, 
produced when ammonium diuranate was decomposed 
in hydrogen was either grayish black or bluish black in 
color, depending upon the temperature at which de- 
composition took place, the length of heating, etc. 
A diagram of the apparatus used for the hydrogen de- 
composition is shown in Figure 2. Ordinarily, the 





FIGURE 2.—APPARATUS USED FOR DECOMPOSITION OF AM- 
MONIUM DIURANATE IN HYDROGEN. SHOWN (Right to Left): 
HYDROGEN TANK, Conc. H2eSO, Tower, CaSO; Dryinc TUBE, 
AND QUARTZ COMBUSTION TUBE. THE SAMPLE WAS PLACED IN 
A QuARTz Boat INSIDE THE TUBE. ALTHOUGH A MEKER 
BURNER IS SHOWN, AN OXYGEN TORCH SUPPLIED MOST OF THE 
HEAT. 


bluish black oxide was the one produced at higher tem- 
peratures. Although some difficulty was encountered 
in obtaining an x-ray photogram of the ammonium 
compound,‘ a relatively sharp diffraction pattern of 
uranium dioxide resulted when using Cu-Ka radiation. 

In one experiment, ammonium diuranate was de- 
composed in dry hydrogen at a white heat and an x-ray 
pattern of the product was made; the interplanar 
spacings computed from the lines in this particular pat- 
tern were in close agreement with the d-spacings found 
for metallic uranium by Jacob and Warren.’ But this 
is not proof that metallic uranium can be prepared by 
heating ammonium diuranate in an atmosphere of 
hydrogen because no check results were obtained in 
later experiments. 

In an effort to determine the percentage of uranium 
in ammonium diuranate, a sample was analyzed by a 
Geiger counter using c.P. uranyl nitrate, UO.(NOs)2- 
6H2O, as a standard for comparison of radioactivity. 
Carefully weighed amounts of the ammonium com- 


‘ Either a large part of the x-ray beam was reflected backward 
instead of passing through the sample, or secondary x-radiations 
were emitted from the sample itself, as evidenced by a consider- 
able fogging of the film. 

5 JacoB AND WARREN, ‘The crystalline structure of uranium,” 
J Am. Chem. Soc., 59, 2588 (1937). 
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pound were dissolved in dilute nitric acid to produce 
solutions of uranyl nitrate whose absorption of 6 rays 
would be approximately the same as the absorption of 6 
rays by the standard solution of uranyl nitrate. If c.p. 
uranyl nitrate is 47.4% by weight of uranium, then the 
percentage of uranium determined by the counter 
analysis for the sample was 64.7%. The accuracy of 
this experiment was limited by two factors: (1) the 
possibility that UO2(NO ;)26H2O was not the exact for- 
mula for the nitrate which was used as a standard and 
(2) mechanical variations within the Geiger counter 
itself which might have influenced its counting rate 
and thus produced irregularities. 

Certain qualitative experiments with ammonium 
diuranate produced somewhat more definite results 
than the quantitative ones. With respect to the solu- 
bility of the compound in various reagents and solu- 
tions, the following positive results were obtained: it 
was readily soluble in the common acids including 
hydrochloric, sulfuric, nitric, acetic, phosphoric, and 
oxalic. The only common acid in which ammonium 
diuranate was found to be insoluble was boric acid. 
It was also soluble in aqueous solutions of certain salts 
such as aluminum sulfate, aluminum chloride, alumi- 
num nitrate, ferric chloride, and ferrous chloride. It 
dissolved in solutions of copper salts with the produc- 
tion of a very light-colored precipitate. It was found to 
be insoluble in aqueous solutions of most of the salts of 
the alkaline earth group, and practically insoluble in 
salt solutions of aluminum acetate, ammonium acetate, 
ammonium sulfate, ammonium nitrate, zinc chloride, 
zine nitrate, zinc acetate, zinc sulfate, cobalt chloride, 
cobalt acetate, cobalt nitrate, etc. 

The results of this investigation of the properties of 
ammonium diuranate do not make it possible to ascribe 
a definite formula to it. In addition to a possible vari- 
ation in the number of molecules of water of hydration, 
the formula of the anhydrous salt itself may not be 





FiGuRE 3.—GEIGER COUNTER EQUIPMENT WHICH Was USED 
FOR MEASURING THE RADIOACTIVITY OF AMMONIUM DIURANATE. 
THE SAMPLE WAS PLACED IN THE SMALL VIAL (INDICATED BY 
ARROW), AND THE COUNTS WERE RECORDED BY A STYLUS ON THE 
Drvum. 
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(NH4)2U20;, but perhaps (NH,4)2U0, or UO; with 
ammonia of crystallization. It is hoped that from the 
studies planned at the present time, it may be possible 
to establish the exact composition of this uranium com- 
pound. 
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Whati Been Going Ou 


HE WAR needs for ethyl alcohol during 1943 are estimated 
at 476,000,000 gallons, about half of which will be used in the 
production of butadiene. 

The economical production of ethyl alcohol from citrus pulp 
and peel waste is reported by the United States Citrus Products 
Laboratory of Winter Haven, Florida. The cost of production is 
about two-thirds of that when blackstrap molasses is used. 

The Argentine proposes to spend 24,000,000 pesos for the con- 
struction and equipment of a plant to produce power alcohol from 
barley, cereals, corn, potatoes, and wheat. 

One of the Ford plants at Dearborn has completed a pilot plant 
for the production of 1000 pounds of wool fiber per day from the 
proteins of soybeans. The beans are ground and deoiled by solvent 
extraction, the resulting meal dissolved and acidified to precipi- 
tate the protein, and the precipitated protein is washed, dried, 
redissolved, aged, and extruded through spinnerettes to give a 
wool-like thread. 

The printer ef the future may cast his type from nylon, ac- 
cording to U. S. patent No. 2,282,448. The patent claims that the 
impressions are clear and sharp, and that the material may be 
recast as wear demands. 

Copper, as a critical metal, is used extensively in the production 
of Bordeaux copper mixture for sprays. Recent studies at Cornell 
University indicate that silver nitrate and lauryl sulfate mix- 
ture may replace in part at least this particular use of copper 
sulfate. 

In Italy, some attempts have been made to recover copper from 
the leaves of vines sprayed with copper salts. As much as five 
pounds of copper per acre have been recovered. 

To conserve on rubber, tire manufacturers are planning to pro- 
duce an all cotton overshoe that will add 2500 to 10,000 miles to 
the life of a tire. 

When chlorinated rubber is mixed with ordinary rubber and 
vulcanized in the usual way, a fire-resistant product is obtained, 
according to U. S.-patent No. 2,286,697. 


The gulf (between liberal arts colleges and tech- 
nological schools) is nowhere better illustrated than in 
the newspaper want-ad columns. College graduates, 
A.B., are wanted at $1600 a year, while even recent 
graduates of technology schools, electrical engineers, 
mechanical or civil engineers, chemists and the like, 
command from $3500 up. 

—ROoBERT MULLEN, in the Christian Science Monitor, 
April 24, 1942. 





Soft formulations of ethyl cellulose, according to the Hercules 
Powder Company, may be used satisfactorily for the production 
of baby pants, coated fabrics, electrical tape, footwear, garden 
hose, gloves, golf balls, gun covers, hospital sheeting, impregnated 
fabrics, mason jar rings, raincoats, rubber hose, surgical tape, 
water tubing, and wire insulation. Hercules Powder Company 
is now producing ethyl cellulose at a plant in Virginia, which is 
the largest chemical cotton plant in the world. 

Fourteen new factories are to be built for the production of dry 
milk. The production of dry milk solids during 1942 is estimated 
at 500,000,000 pounds, an increase of 26,000,000 over that of 
1941. 

For convenience in transportation, twenty-six gallons of milk 
may be evaporated to leave a residue of thirty-three pounds, 
which may then be compressed into a nine-inch milk brick. 

Dicoumarin, originally isolated from clover, has been synthe- 
sized by Link and associates of the University of Wisconsin. It is 
an effective anti-clotting agent, which may be administered orally. 
It is about one-tenth as costly as heparin, which is obtained from 
horse liver and used as an anticlotting agent. 

The cocoons of the silkworms, according to reliable reports, are 

/now being extracted for vitamin B to enrich food products in 
Japan rather than being woven into silk for export to the United 
States. 

\/ Recent studies indicate that the vitamin C content of the 
orange and tomato is less susceptible to deterioration than is that 
of the apple and carrot. The pH of the medium or the presence 
of certain buffers or inhibitors may account for this. ~ 

Chemical research has given to the United States, since 1917, a 
minimum of five major war products: camphor, dyestuffs, ni- 
trates, synthetic fibers, and synthetic rubber. If all of these ma- 
terials were imported now, it would take a fleet of ships spanning 
the Atlantic about one mile apart to meet our requirements. 


Ep. F. DEGERING 


The Statue of Liberty, a symbol of freedom that 
stands out as a shining ray of hope to the world today, 
was constructed of 300 separate pieces of */3:-inch-thick 
sheet copper. When the pieces arrived in this country 
in 1885, they were fitted together like a huge jigsaw 
puzzle and riveted. Its green color is caused by 
patina, a protective coating formed on copper which 
preserves the metal against time and the elements. 

—From the Copper Alloy Bulletin 








CALIF ORNIA is breaking records in the production 

of mercury, commonly called quicksilver. The 
state’s 1941 output was the largest since 1904 and had 
the highest value during the 91 years during which state- 
wide statistics have been compiled. Thus California 
maintains its top position among the quicksilver pro- 
ducing states, furnishing more than half of the metal 
mined in the entire nation. 

Quicksilver, which is obtained from cinnabar rock by 
roasting the ore and condensing the resultant vapor, 
has more than a thousand uses. It is vitally necessary 
in war and peace. The gold mine uses it to gather par- 
ticles of the precious metal by amalgamation after mill- 
ing operations. It is employed in the manufacture of 
hundreds of commodities, including medicines and oint- 
ments. Dyes and paints require mercury and it is also 
used for processing felt to be used for hats and for lining 
automobile bodies. Dentists require it for making amal- 
gam fillings. 

A recent important addition to the list of quicksilver 
sources is the Panoche Mine in California. It was dis- 
covered by three prospectors in December, 1939, and 
consists of a large deposit containing meta-cinnabar 
otherwise known as black sulfide of mercury. This is a 
very rare type of quicksilver ore, which accounts for the 
fact that it was overlooked for so many years. 

Operations at the Panoche Mine are relatively simple. 
Meta-cinnabar comes from the mine in small cars, is 
crushed by electrically driven machinery and is carried 
on an electric conveyor to a large bin in the mill. From 
this bin a continuous stream of ore is automatically fed 
into a rotary furnace 64 feet long and 4 feet in diameter. 
Heated to 1200°F. by an 18-foot flame of natural gas, 
the furnace is slowly rotated by an electric motor. The 
ore passes slowly through the rotary furnace, the trip 
taking about an hour, during which period the quick- 
silver is drawn out and vaporized. This vapor is re- 
moved by a suction fan and is blown into two sets of 
condenser pipes. There are twelve such pipes to a set, 
and each pipe is 26 feet tall and 16 inches in diameter. 
Passing through the pipes, the vapor gradually cools 
into small beads of quicksilver which drop to the bot- 
tom. When removed from the condensers the quick- 
silver is cleaned and poured into flasks for shipment. 


e@ R. I. Grady and J. W. Chittum, of the College of 
Wooster (Ohio), have extended and brought up to date 
the surveys they made of premedical requirements and 
reported in this JOURNAL some time ago (J. CHEM. 
Epuc., 9, 11; zbid., 13,528-9). Using the same method, 
they submitted the list of courses in their institution 
which a premedical student would be likely to take, to 
the Class A medical schools and asked that they be 
marked as required, recommended, not desired, or 
doubtful. They have tabulated the results, with a list 
of the medical schools responding, in a printed table 


Out of the Editors Bashet 


which may be had from them on request. They indi- 
cate that the situation is substantially as it was in 1936, 
when the last survey was made. Some of the more im- 
portant points are: 

1. In nearly all cases the foreign language require- 
ment can be met by either French or German, with a 
very few accepting Spanish or Latin. 

2. Atleast a dozen schools require only four hours of 
organic chemistry, if the course includes both aliphatic 
and aromatic series. 

3. A large number require or recommend physical 
chemistry, most of them apparently preferring it at the 
sophomore level. 

The following paragraph, quoted from the previous 
report, still holds true: 

“While the table clearly indicates the courses which 
are considered essential or desirable, the comments of 
the deans show that there is a flexibility which cannot 
be indicated in any table of data. In some schools there 
is a tendency to select a high-class candidate even 
though he may not have taken some of the courses 
which are highly recommended.”’ 


e@ Many of us have been wondering where the chemists 
are coming from who—presumably—will operate the 
new synthetic rubber plants and the many other new 
developments in our accelerated production program. 
The two pictures shown here indicate part of the an- 
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swer, at least. Whatever we may think of the profes- 
sional wisdom of the step, the fact is that a large num- 
ber of women and girls are now being trained to handle 
some of the routine laboratory and plant operations in- 
volved. Most of these will have had little, if any, tech- 
nical background and the training for their specific jobs 
will consist of an intensive course of some 12 or 16 weeks. 


Courtesy Koppers United Company 


Much of this is now being done within the ESMWT 
program. Many professional chentists will doubtless 
complain that the work is much too important and criti- 
cal to trust to such poorly trained help, even under 
supervision, but their attention will be called to the ex- 


cellent record of the airplane industry. Of the workers 
who are constructing planes for our Air Forces the ma- 
jority are now women. In the long run it may help the 
chemical profession to learn that expensively trained 
technologists have been in jobs for which they haven’t 
been necessary. 


e@ You must even use substitutes when you die, these 
days! The use of iron and steel in caskets, shipping 
cases, and burial vaults has been further curtailed by 
the W.P.B. 


e@ A controversy may be found in the November num- 
ber of the School Science Review, called forth by a 
rather revolutionary proposal in an earlier number to 
substitute a‘ ‘‘modern presentation” of the atomic the- 
ory, based upon more recent physical evidence, for the 
older, conventional chemical approach. Several cham- 
pions arose to defend the more historical method and to 
object to the discard, for example, of Avogadro’s Rule 
and the Law of Multiple Proportions. Much can be 
said on both sides of this question, and he who seeks to 
dislodge what he thinks is outworn practice deserves 
special sympathy. But some of the remarks of one of 
the critics, Dr. A. K. Goard, deserve, we think, to be 
quoted. After objecting that much of the so-called 
“physical approach” involves an acceptance of measure- 
ments and methods which are beyond the comprehen- 
sion of beginning students and which they must there- 
fore accept at least momentarily on faith, he observes: 
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“It seems to me that we can still hope to foster in 
them desirable qualities of mind if we confront them 
with facts and theories commensurate with their men- 
tal age. If, however, we introduce them to chemistry 
by raining bombs of wisdom from unchallengeable 
heights, we should not be disconcerted if on coming 
down to earth all we find are scattered fragments of 
roast pork. 

“Tf I may be allowed a final reflection, I would sug- 
gest that much of the dissatisfaction felt by some with 
the classical atomic theory springs from an imperfect 
realization of the nature of a ‘working model.’ Lest I 
be misunderstood, I may explain that by a working 
model I mean a model which works, which is adequate 
to ‘explain’ the phenomena under immediate considera- 
tion, and with which we should rest content as long as it 
does its job. Such models are always oversimplified 
and incomplete; we should be grossly unscientific if we 
pretended that they were otherwise, and still more fool- 
ish if we imagined that they represented ‘ultimate re- 
ality.’ Dalton’s atom was of this nature, and is still ade- 
quate for a great many purposes. True, the Ruther- 
ford-Bohr-Sommerfeld-Pauli atom, combined with the 
Lewis-Langmuir conception of valence, gave us a far 
more exciting model; we can do tricks with it which 
Dalton’s intractable billiard ball is quite unable to per- 
form. If, however, we insist on abandoning, as ‘out of 
date,’ all models which have been subsequently elabo- 
rated to meet more exacting demands, then we must in 
candour admit that our 1925 atom became out of date 
in this sense almost as soon as it rolled off the assembly 
lines. How far shall we go, after drawing our neat 
little electronic diagrams, in confessing that the idea of 
transference of electrons, for example, from Na to Cl, 
with resulting electrostatic attraction, is ‘a rather crude 
and simplified expression for the actual state of affairs,’ 
or that ‘the notion of chemical forces as forces operating 
between separate inviolable atoms is . . . essentially 
fallacious?’ (FRENKEL, ‘‘Wave Mechanics,” Vol. I, 
Chap. VII, 1936 ed.). : 

“Such matters, I claim, should be carefully pondered, 
lest in our haste to throw away the bath water, we lose 
the baby as well. This is not to deny the existence of 
much upon which individual teachers, as well as sug- 
gested ‘Guidance Committees’ or ‘Subject Councils’ 
could exercise their reforming zeal. Obsolete and com- 
plicated instruments, moribund commercial processes 
illustrating no principle of importance; these might de- 
part unwept. In particular, we might spare our special- 
ists overdetailed accounts of ‘exact’ determinations of 
equivalents by what Lord Rutherford delighted to call 
the ‘gross methods’ of chemists, and pass over the sad 
story of how Morley spent many years of his life finding 
the combining ratios of hydrogen and oxygen, only to 
get the answer wrong in the end. But, if it is the train- 
ing of chemists with which we are concerned, let us 
think twice before discarding those aspects of chemical 
theory which seek to interpret easily verifiable facts, 
the manipulation of which gives those of our students 
gifted with minds some chance of exercising them.”’ 
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Graphic 


GLOWING piles of coke are pushed from the 
ovens in which the heat has driven out the vola- 
tile matter from enormous charges of soft coal. 
The escaping “‘spirits”’ of the coal are caught and 
condensed into valuable ammonia, fuel gas, ben- 
zene, coal-tar, whence come forth a multitude of 
things of great use: drugs, medicines, dyes, ex- 
plosives, and chemicals. The coke, meantime, 
has gone to keep an appointment with the iron 
ore_at the blast furnace. 


Tus powerful landscape contains all the thrill 
and drama of the steel industry. 

Man’s patient efforts, so aptly proportioned by 
the tiny steam-shovel, will eventually drag the 
iron from the grim clutches of the earth. Whether 
this will be fashioned into rails, automobiles, 
stainless frying-pans, or guns, armor, and tor- 
pedoes, will be determined by the clouds of war 
and peace which move over the scene. 
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AT THE right is the tall, stack-like blast furnace. 
‘**Skips,”’ or dump cars run continuously up and 
down the inclined track to keep the furnace 
charged from the top with measured amounts of 
ore, coke, and limestone: ore which contains the 
iron, bound up with tenacious oxygen and mixed 
with sandy matter from which it must be freed; 
coke to burn and keep the furnace hot, and at the 
same time to tear the oxygen loose from the iron 
in the ore; limestone, the “‘flux”’ or “‘fluid-maker”’ 
to gather up the sandy impurities in the ore into 
a liquid-like molten glass, which trickles down 
into the bottom of the furnace where it floats on 
the pool of liquid iron. 

From time to time, as in the picture, a hole is 
opened in the side of the furnace and the liquid 
slag runs off into large fire-brick bowls. It is then 
wheeled off and poured out to cool, later perhaps 
to be used on roadways or made into cement or 
‘*mineral wool.’’ Less often, a lower hole in the 
furnace is opened and the molten iron is tapped 
off, sometimes to be cast into convenient-sized 
bars or “‘pigs,’’ sometimes to be carried in enor- 
mous ladles directly to the open-hearth furnaces 
or Bessemer converters, there to be further purified 
into ‘‘steel.”’ 


HERE before the blast furnaces have come the 
ore from the iron mines, the coke from the ovens, 
and limestone from the quarries. They will be 
carefully measured out and mixed together in the 
raging heat, each to play a necessary part in the 
liberation of the iron metal. 


Courtesy of U. S. Steel Photo 


The iron from the blast furnace, often known as 
pig iron or cast iron, contains such large amounts 
of carbon, sulfur, silicon, phosphorus, and man- 
ganese that it is too brittle for many uses. 

At the left are the tall ‘‘stoves’’ in which air is 
heated to high temperatures before it is blown at 
high pressure into the base of the blast furnace. 





5 Courtesy of U. S. Steel Photo 


TREMENDOUS quantities of scrap iron and steel 
are also melted up in the open-hearth furnaces. 
This is not only a matter of economy in recirculat- 
ing the discarded material, but the furnaces 
actually operate more efficiently if they are fed a 
large proportion of previously purified iron along 
with the raw material from the blast furnace. 


Courtesy of Office of War Information 
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HERE THE molten iron from the blast furnace is 
being poured into the open-hearth furnace where 
hundreds of tons of it lie in a wide, shallow pool, 
often gently agitated by a rocking motion of the 
whole furnace. Hot blasts of air playing on the 
surface of the pool will slowly burn out most of 
the impurities in the liquid iron. When tests 
show that this has gone far enough, measured 
amounts of other ingredients will be introduced: 
carbon to give pure iron the properties character- 
istic of steel; nickel, manganese, chromium, 
tungsten, vanadium, to make alloy steels for vari- 
ous purposes. 


Courtesy U. S. Steel Corp. 
‘) 

THE FINISHED steel is here shown being tapped 
off from a small open-hearth furnace. Just pre- 
vious to this, materials are often introduced to 
act as “‘scavengers,’’ substances like aluminum 
which will remove the traces of oxygen which the 
molten mass may have trapped and which might 
leave rusty impurities when it hardens. In the 
open-hearth, as in the blast furnace, a liquid 
‘slag’? forms. This time it is principally the lin- 
ing of the furnace itself which is the ‘“‘fluxing 
agent,’ soaking up and combining with the 
burned-out impurities of the iron to form a fluid 
which floats on the molten steel and which is care- 
fully skimmed off when the latter is poured out, 
as in the illustration. 
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THIS IS not the explosion of a tremendous mor- 
tar but the “‘blowing”’ of a Bessemer converter, 
another type of furnace in which the impure iron 
from the blast furnace is refined into steel. In 
this case the impurities are burned out by a blast 
of hot air forced up through the bottom of a brick- 
lined pot containing a few tons of liquid iron. The 
blast, issuing through the small opening at the 


8 Courtesy of Office of War Information 


top, causes a spectacular shower of sparks. The 
process is all over in fifteen or twenty minutes, 
much shorter than in the open-hearth furnace; 
but it is not as easy to control and is generally 
carried out with much smaller quantities. 


> 


THESE are steel ingots being removed from the 
molds in which the liquid metal was poured from 
the furnaces. They may weigh from ten to fifty 
tons each, and after being brought to the right 
temperature will probably be cut by enormous 
shears into billets for rolling into rails or sheet, 
or drawing into tubing, rods, or wire. 


Courtesy of Office of War Information 
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IN MODERN practiee electric furnaces are some- 
times used in addition to, and occasionally in 
place of, open-hearth furnaces. A tremendous 
electric arc is struck between carbon electrodes 
(shown at the top of the furnace in the illustra- 
tion) and the charge of liquid iron. The heat 
from this keeps the furnace hot, which has some 
advantage over the use of furnace fuel. A very 
careful control of conditions is possible in such 
a furnace, often very important in obtaining the 
desired “‘grain size” in the final steel. 


Courtesy of U. S. Steel Photo 
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THIS is not a lumberyard, but a pile of billets of 
stainless steel waiting to go through the hot roll- 
ing mills. The chipping and grinding seen on the 
surfaces were done in order to remove all defects 
and surface impurities, necessary for this high 
quality steel to resist corrosion. 


11 Courtesy of Office of War Information 


HERE you see the final forging of armor plate 
with the 12,000-ton press being utilized to its 
maximum capacity. As armor plate ingots are 
forged down to the approximate size of the fin- 
ished plate they are conditioned to remove surface 
defects and then reforged to the exact size. 


Courtesy of U. S. Steel Photo 
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13 Courtesy of U. S. Steel Photo 

A 
IN MAKING sheet steel, the hot metal is squeezed 
through a series of rollers, closer and closer to- 
gether, eventually reaching the desired thickness. 


SIMILARLY, wire is drawn through steel ‘‘dies”’ 
containing holes of smaller and smaller diameter 


14 Courtesy of U. S. Steel Corporation 


until it has reached the right size. In the illustra- 
tion, one man is operating an optical pyrometer 
which indicates the temperature by measuring 
the brightness of the glow. 
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WELDERS at work on steel sheet. The enormous 
and rapid development of the welding art is one 
of the high-lights of modern metal practice. 

Y 
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15 A Courtesy of U.S. Steel Photo 


STEEL bomb-casings, which have not been cast 
but ‘‘spun”’ by a new process. 





17 Courtesy of U. S. Steel Corporation 












SUCCESS in the steel industry depends largely 
upon careful laboratory control. Chemical analy- 
sis can indicate the composition of steel, but 
much of its behavior is determined by its physical 











16 A Courtesy of U. S. Steel Corporation 


THIS bulbous bow of a 17,000-ton oil tanker ‘i laa o set Con 
weighs 62,883 pounds, and is an example of mod- 

ern steel construction and the pre-fabrication structure, the size, number, and shape of its 
method of shipbuilding. The bow piece has been crystalline units. Studies made with the modern 
built separately, so that it could be moved into metallographic microscope, like the one in the 
place when the rest of the hull is ready for it. illustration, are therefore of utmost importance. 








LETTERS 


Paging the Chemist Again 


To the Editor: 

As regards chemistry being a critical field, I would 
remind you that there has never been an excess of chem- 
ists except for a short period during the middle of the 
depression. 

I don’t know whether you have read the comments 
of Senator Millard E. Tydings about the deferment of 
technically trained men. In writing him about these 
comments, I made the following remarks: 

“In peacetime, about 5000 chemists and chemical 
engineers graduate from our colleges and universities 
each June. These men are absorbed by peacetime in- 
dustry by September. The only exception to this was 
in the very bad year of 1932 when about 900 were not 
absorbed until the next spring. This figure came from 
a survey by a committee of the American Chemical 
Society of which I was chairman. Of course, many of 
these 5000 young men each year go into many phases of 
industry which might not be called strictly chemical, 
but which require a chemical background. 

“From the above facts and others, it appears that 
there has never been an excess of chemically trained 
men in the country. You will note that-I use the ex- 
pression men. That is done advisedly. Very few 


women seem fitted to go on in chemical studies. In 
spite of the increasing demand for chemical help, there 


are still only about 4% women among the 32,000 mem- 
bers of the American Chemical Society. 

“In wartime, more chemically trained men are needed 
rather than less. This is because industry during war- 
time can be divided into three classes, each of which 
needs more chemical help in war than in peace. 

‘“‘(a) Companies primarily active in the production of 
munitions such as TNT obviously are busier in wartime 
and require more chemical help. 

“‘(6) Companies concerned with materials not needed 
in the war have very largely shifted over into war pro- 
duction. No matter what amount of chemical help they 
needed in their peacetime activities, they need addi- 
tional chemical help when they change over because of 
the new problems of materials, processes, and control 
which come with the change. For instance, I do not 
know how much technical help the Scripto Company of 
Atlanta needed when they manufactured ten-cent auto- 
matic pencils, but I am quite sure they need more 
technical help now that they are making machine gun 
parts. 

“(c) Companies concerned with necessary civilian 
needs must have more chemical help because of their 
increasing problems of shortages of materials, sub- 
stitute materials, increased needs, and the like. 

“To repeat, we need more chemically trained nien 
now than we did in peacetime. This need will continue 
and probably increase as long as the war lasts. When 
the peace comes, there probably will be no falling off 
because we must face the fact that after the global 


war will come global reconstruction. We can hardly 
shirk our leading part in that reconstruction. 

“Not only is there a need for greater numbers of 
chemically trained men in wartime, but there is a need 
for even a better quality of men. This is because the 
problems involved are much more serious. For in- 
stance, in peacetime, a mistake by a poorly qualified 
chemist may cut someone’s profit, but in wartime it may 
mean death to thousands of our men.” 

I would call your attention to the fact that we as a 
nation are not over 10% into the war effort at the pres- 
ent time. Right now there is no noticeable excess of 
chemically trained personnel. We have no chemical re- 
serve at the present time except men who are not yet 
completely into war work. 

FRANK C. WHITMORE 


PENNSYLVANIA STATE COLLEGE 
STATE COLLEGE, PENNSYLVANIA 


Exit the Splash 


To the Editor: 

To prevent the splashing and noise resulting from 
the use of water aspirators to obtain evacuated condi- 
tions, I have satisfactorily used for several years a 
wrapping of any available textile material handy (e. g., 
muslin). A rectangular piece of cloth, long enough to 
bend upon touching the sink or water trough and wide 
enough (about six inches) to make three to five thick- 
nesses upon wrapping around the stem of the aspirator, 
is fastened by means of a piece of wire or string. 

This method has proved highly superior to beakers, 
bottles, and rubber tubing which frequently do not 
prevent either splashing or noise. 

GILBERT E. Moos 


28 JOHN STREET 
SPRING VALLEY, NEw YorK 


Ripening of Viscose 


To the Editor: 

In the article, ‘High Polymers and New Rules’”’ in 
the November issue, the ripening of cellulose xanthate 
during the manufacture of viscose rayon is cited as an 
example of industrial control of the molecular weights 
of high polymers. The statement is there made that 
the cellulose chains break down and the molecular 
weight drops during this ripening process. Dr. Emil 
Heuser of the Institute of Paper Chemistry, Appleton, 
Wisconsin, has called my attention to work by Heuser 
and Schuster in 1926 and that of subsequent investiga- 
tors proving that there is no shortening of the cellulose 
chains during the ripening of the viscose. It is in the 
sodium cellulosate solution prior to the formation of the 
xanthate, and during the formation of the latter, that 
the molecular weight is lowered to a technologically use- 
ful value. 

S. WEINER 


2630 NortH 53rp STREET 
MILWAUKEE, WISCONSIN 
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NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


OFFICIAL BUSINESS 


218th Meeting—December 5, 1942 
Simmons College 
Boston, Massachusetts 


THE 218TH Meeting of the N.E.A.C.T. was held 
in conjunction with the annual meeting of the New 
England Association of Colleges and Secondary Schools. 
For the Saturday morning session a joint meeting 
of the N.E.A.C.T. with the Eastern Association of 
Physics Teachers and the New England Biology Teach- 
ers Association was scheduled. In the afternoon, the 
three science associations met separately. The groups 
were welcomed to Simmons College by President Ban- 
croft Beatley, who spoke briefly concerning the recog- 
nition of the importance of the collegiate education of 
women particularly in connection with the war effort. 
The morning program was comprised of three papers: 
Mr. Richard W. St. Clair, Boston representative of the 
Schering Corporation, Bloomfield, N. J., spoke on the 
topic, ‘“Photography for the Science Teacher’; Pro- 
fessor Ernst A. Hauser, Massachusetts Institute of 
Technology, discussed the subject, ‘“What’s New in 
Rubber’; and Professor John A. Timm, Simmons 
College, spoke on “The War and the Teaching of 
Science.”’ After luncheon in the Simmons College 
cafeteria, President Theodore C. Sargent called the 
N.E.A.C.T. group together for a short business meeting. 
This was followed by a demonstration-lecture on ‘“The 
Fundamentals of Explosives,’ by Dr. Alberto F. 
Thompson, Jr., of the Massachusetts Institute of Tech- 
nology, and a discussion of ‘‘Applications of Chemistry 
to Problems of Dentistry’’ by Dr. David Weisberger, 
Harvard Dental School. 

At the business meeting, the Necrology Committee 
presented resolutions on the deaths of Harry A. Carpen- 
ter and Alban Fowler which were adopted by the Asso- 
ciation. 


Harry A. CARPENTER 


In spite of the fact that he lived outside the New 
England area, the late Harry A. Carpenter of Roches- 
ter, N. Y., took an active interest in the program of the 
N.E.A.C.T. Through correspondence with members 
he was influential in giving direction to its work and as 
a result of his stimulation, the N.E.A.C.T. became a 
charter member in the American Science Teachers As- 
sociation. He leaves a remarkable record of achieve- 
ment as teacher, supervisor, and educator. It was 
moved and adopted, that 


Whereas: Harry A. Carpenter has been a member 
of the New England Assocation of Chemistry Teachers 
for many years, and 

Whereas: his work in the interest of science as a 
teacher, text-book writer, supervisor, and educator has 
won national recognition, and 

Whereas: he has served four terms as President of the 
New York State Science Association and for six years 
as President of the American Science Teachers Associa- 
tion, being a director of that organization at the time of 
his death 

Be It Resolved: that the New England Association of 
Chemistry Teachers, hereby pays tribute to his out- 
standing work in behalf of science teaching in our sec- 
ondary schools, and 

Be It Resolved: that a copy of these resolutions be 
sent to his nearest of kin, and that a copy be deposited 
with our Curator to be filed in our necrology records. 


Written for the Necrology Committee by S. WALTER Hoyt 


ALBAN FOWLER 


The death of Alban Fowler, head of the Science De- 
partment of the Arlington High School and a member 
of the New England Association of Chemistry Teachers 
since 1921, took from our midst a friend who through 
the years has given unstinted service to the teaching of 
youth and to the advancement of the standards of 
science instruction. Among the positions which he 
filled in the work of the Association were the chairman- 
ship of the Current Events Committee, the clairman- 
ship of the New Apparatus Committee and Advertising 
Manager of the REporT. In addition to his member- 
ship in the N.E.A.C.T., Mr. Fowler was a member of 
Russell Lodge, A.F. and A.M., St. John’s Episcopal 
Church, and St. John’s Men’s Cub, Arlington, and the 
Arlington Teachers’ Club. It was moved and passed, 
that ; 

Whereas: in the death of Alban Fowler the New 
England Association of Chemistry Teachers has lost a 
faithful and loyal member and friend of over twenty 
years’ standing; therefore, 

Be It Resolved: that we express the deep loss which 
our association has sustained in his death and our ap- 
preciation of the friendly spirit and deep devotion to 
the cause of science teaching revealed in all his relation- 
ships with his fellow teachers, his pupils, and the com- 
munity which he served; and, 

Be It Resolved: that we hereby instruct our Secretary 
to send a copy of these resolutions to his widow, Mrs. 
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Alban Fowler of Arlington, Mass., to inscribe them as a 
part of our permanent record and to publish them in our 
official bulletin. 


Written for the Necrology Committee by RaymMonp S. TOBEY 


The membership committee announces the election 
of the following to active membership: 


Dr. Manning A. Smith, Instructor in Chemistry, Bowdoin 
College, Brunswick, Me. 

Mr. William H. French, Instructor, St. Paul’s School, Con- 
cord, N. H. 

Mr. Ronald J. Clark, Instructor, St. Paul’s School, Concord, 
N. H. 

Miss Dorothy W. Maclean, Chemistry Teacher, East Hartford 
High School, East Hartford, Conn. 

Miss Barbara H. Hildreth, Instructor in Chemistry, Lasell 
Junior College, Auburndale, Mass. 

Mr. A. Carlton Warren, Science Instructor, Brookline High 
School, Brookline, Mass. 


The Secretary announces that the names of the fol- 
lowing members have been placed upon the Deferred 
List: 


Miss Myrtle C. Bachelder (WAAC), Camp Des Moines, Des 
Moines, Iowa. 

Pvt. Arthur T. Burroughs, Co. A., 19th Bn., BIRTC, 6th Reg., 
1st Platoon, Ft. McClellan, Ala. 

Lt. (j.g.) Samuel J. Cohen, 290 Broadway, Cambridge, Mass. 

Lt. Wendell B. Cook, C.W.S., Windsor Mfg. Corp., Windsor, 
Vt. 

Ensign Neale S. Howard, Signal Corps, Trg., 133 East 61st St., 
New York, N. Y. 

Edmund R. Johnson (Navy), Washington, D. C. 

Ensign E. Gordon Rice, Signal Corps, Trg., 133 E. 61st St., 
New York, N. Y. 

Lt. Albert C. Wright, U.S.N.R., Comdespac, Fleet P. O., San 
Francisco, Calif. 


The following changes in status or address of De- 
ferred Members have been called to the attention of the 
Secretary : 
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William O. Brooks has been promoted to the rank of Lieuten- 
ant Colonel, and is assigned to the Office of the Chief, Chemical 
Warfare Service. 

The address of Lt. Robert C. Chandler is: Ground School, 
AAFAFS, Yuma, Arizona. 

Harry B. Feldman has been promoted to the rank of Major, 
and is located at the Edgewood Arsenal, Md. 

Harry A. Johnson has been promoted to the rank of Captain. 
His new address is H. Q. 11th Armored Div., Camp Polk, La. 

Carl Otto has been promoted to the rank of Lieutenant Colonel 
and has been transferred to the Technical Division, Edgewood 
Arsenal, Md. 


At the meeting of the Executive Committee, held on 
December 5 at Simmons College, President Sargent 
announced the appointment of the following commit- 
tees: 


FiFtTH SUMMER CONFERENCE COMMITTEE 


David J. Blick, University of Connecticut, Storrs, Conn.; 
Millard W. Bosworth (ex officio), Vermont Academy, Saxtons 
River, Vt.; John A. Card, English High School, Boston, Mass.; 
Willett L. Eccles, Phillips Academy, Andover, Mass.; Mildred 
W. Evans, Wheaton College, Norton, Mass.; Laurence S. Foster 
(ex officio), Brown University, Providence, R. I.; Stuart 
B. Foster, State Teacher’s College, Framingham, Mass.; 
Dorothy W. Gifford, Lincoln School, Providence, R. I.; Ken- 
neth L. Goding, Attleboro High School, Attleboro, Mass.; 
Grover G. Greenwood, Bridgeport (Conn.) High School; Car- 
roll B. Gustafson, Mass. College of Pharmacy, Boston, Mass.; 
Samuel E. Kamerling, Bowdoin College, Brunswick, Me.; Lorne 
F. Lea, St. Paul’s School, Concord, N. H.; Alfred R. Lincoln, 
Technical High School, Springfield, Mass; Walter S. Ritchie, 
Mass. State College, Amherst, Mass.; Theodore C. Sargent (ex 
officio), Swampscott (Mass.) High School; Elsie S. Scott, North- 
field Seminary, E. Northfield, Mass.; Rev. Joseph J. Sullivan, 
S. J., Weston College, Weston, Mass.; Amasa F. Williston, 
B.M.C. Durfee High School, Fall River, Mass.; and Lawrence 
S. Harris, Chairman, Boston Trade School, Boston, Mass. 


HONORARY MEMBERSHIP COMMITTEE 


Sue C. Hamilton, Garland School, Boston, Mass.; G. Davis 
Chase, Jr., New Britain (Conn.) Senior High School; and EI- 
bert C. Weaver, Chairman, Bulkeley High School, Hartford, Conn. 





Developments in the Teaching of Analytical Chemistry’ 


LUCY W. PICKETT, Mount Holyoke College, South Hadley, Massachusetts 


CERTAIN trends in the methods of teaching analyti- 
cal chemistry may be noticed from a comparison of 
college curricula and college texts of the last twenty- 
five years. In qualitative analysis, for example, the 
growth of emphasis on physical chemical principles and 
the increasing use of semimicro technic are two of the 
more prominent developments. While elementary 
quantitative analysis is obviously less subject to radical 
changes of content, courses in advanced analysis have 
been recently introduced which are novel in their treat- 
ment. These reflect modern industrial and research 
needs for students trained in the intelligent under- 
standing of instrumental methods of analysis and 
for those trained in micro-analytical methods. 


| Abstract of an address presented at the 217th Meeting of 
the N.E.A.C.T., Springfield, Mass., October 10, 1942. 


Such courses are often given as graduate courses. 

An undergraduate course which provides an intro- 
duction to these newer analytical technics has been de- 
veloped at Mount Holyoke College. In this, a number 
of instruments utilizing optical or electrical properties 
such as the chemical microscope, spectrograph, spectro- 
photometer, polarograph, etc., are discussed from the 
point of view of the physical principles involved and the 
analytical application; these instruments are either 
used by or demonstrated to the student. The labora- 
tory work includes the use of the micro-balance and the 
analysis of organic compounds by micro or semimicro 
methods. Methods of presentation used in such a 
course as well as the teaching problems involved and 
its effectiveness in the training of students were dis- 
cussed. 
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RECENT BOOKS 





YoutH Looks aT SCIENCE AND War. Published jointly by 
Science Service, Washington, and Penguin Books, Inc., New 
York, 1942. viii + 133 pp. Illustrated. 11.4 & 17.8 cm. 
$0.25. 


In the First Annual Science Talent Search conducted through- 
out the country during the last year, secondary school students 
wrote essays on ‘‘How Science Can Help Win the War.”’” On the 
basis of these essays and the results of an objective science apti- 
tude test administered to all contestants, forty winners were 
chosen for a trip to Washington. This little volume contains the 
essays of these successful contestants. It should dispel any 
doubt of the ability of the young rising generation to tackle the 
many scientific problems of the future. The book also includes 
the form of the aptitude test, so that the reader—if he has the 
courage—may try out his own talent. 


ARITHMETIC OF PHARMACY, Charles H. Stocking, M.S., Associate 
Professor of Pharmacy, College of Pharmacy, University of 
Michigan; and Elmon L. Cataline, Ph.D., Assistant Professor 
of Pharmacy, College of Pharmacy, University of Michigan. 
Based on the original text by Alviso B. Stevens, Ph.D., Sc.D., 
Late Professor of Pharmacy, College of Pharmacy, University 
of Michigan. Seventh Edition, revised and enlarged. D. Van 
Nostrand Company, Inc., New York, 1942. xiv + 163 pp. 
14.0 X 20.9cm. $2.00. 


CHEMISTRY OF INSECTICIDES AND FuncicipEs, Donald E. H. 
Frear, Ph.D., Assistant Professor of Agricultural and Biological 
Chemistry, The Pennsylvania State College. D. Van Nos- 
trand Co., Inc., New York, 1942. viii + 300 pp. 31 figs. 
15.9 X 23.5cem. $4.00. 

Sections devoted to: Stomach or Protective Insecticides; Con- 
tact Poisons or Eradicant Insecticides; Fungicides; Spray 

Supplements and Residue Removal; Analytical Methods. 


POLARIMETRY, SACCHARIMETRY, AND THE SuGARS. Frederick J. 
Bates and Associates. Circular of the National Bureau of 
Standards C440, United States Government Printing Office, 
Washington, 1942. xx + 810 pp. 128 figs., 150 tables. 
15.9 X 23.5cm. $2.00. 

Comprehensive description of methods, etc. Part 3, Prepara- 
tion and Properties of the Sugars and Their Derivatives, is a good 
contribution to any chemical library. 


CALCULATIONS OF QUALITATIVE ANALysIS, Carl J. Engelder, 
Ph.D., Professor of Analytical Chemistry, University of Pitts- 
burgh. Second Edition. John Wiley and Sons, Inc., New 
York, 1942. x + 174 pp. 12 tables. 15.2 X 23.5 cm. 
$2.00. 


Most of the problems in this edition are new and a few rear- 
rangements have been made in the other material. 


The revision 
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helps the book further to fill a need in a somewhat neglected 
field: the quantitative side of qualitative analysis. 


MELLOR QUIMICA INORGANICA MopERNA, Translated by Enrique 
V. Zappi, Professor at the University of Buenos Aires, El 
Ateneo, Buenos Aires, 1942. xx + 910 pp. 241 figs., 62 
tables. 15.9 XK 23.5cm. 

This translation makes available to Spanish-speaking chemists 
one of the best intermediate textbooks of inorganic chemistry. 
The translator has endeavored to follow as closely as possible the 
English edition and to retain the language construction of the 
original author. He has succeeded well, although the paper and 
printing are not quite up to the standard of the English edition. 


BIOCHEMISTRY AND MORPHOGENESIS, Joseph Needham, F.R.S., 
Sir William Dunn Reader in Biochemistry and Fellow of Gon- 
ville and Caius College, Cambridge. The Macmillan Com- 
pany, New York, 1942. xvi + 785 pp. 328 figs. 17.1 xX 
25.4cem. $12.50. 

A weighty but brilliant monograph on a specialized field of 
biochemistry; an outgrowth of the author’s earlier work on 
“Chemical embryology.”’ Here chemistry and biology meet in 
closest relation. Unfortunately, few ordinary chemists will have 
the temerity or background to delve into this; if they did, they 
would appreciate the way in which the scholarly author, when he 
permits himself to escape from the confines of technical expres- 
sion, can write most fascinatingly. 


PAINTING MATERIALS, R. J. Gettens, Chemist, Department of 
Conservation, and Fellow for Technical Research, Fogg 
Museum of Art; and G. L. Stout, Lecturer on Fine Arts and 
Head of the Department of Conservation, Fogg Museum of 
Art. With an introduction by Edward W. Forbes, Director, 
Fogg Museum of Art. D. Van Nostrand Company, Inc., 
New York, 1942. vi + 333 pp. Illustrated. 18 X 25cm. 
Five sections, well documented with bibliography, contain 

the result of much chemical and physical research: Mediums, 

Adhesives, and Film Substances; Pigments and Inert Materials; 

Solvents, Diluents, and Detergents; Supports; Tools and Equip- 

ment. Technical notes and descriptions for those who are con- 

cerned with the historical examination of the processes and ma- 
terials of the past; the study and detection of forgeries in the 
present; the scientific care and restoration of works of art. 


Nevuvo Diccionario TECNICO—COMMERCIAL. Compiled by 
Antonio Perol Guerrero, Industrial Engineer, Escuela Central 
de Ingenieros, Madrid; Chief Editor, Editorial Tecnica Unida. 
Editorial Tecnica Unida, Brooklyn, New York, 1942. ix + 
600 pp. 15.9 X 23.5cem. $10.00. 

In three parts: Spanish-English; English-Spanish; and a third 
part devoted to conversion tables of weights, measures, and 
monetary units. Contains more than 50,000 words in a number 
of technical fields including the chemical. 
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INDUSTRIAL CHEMISTRY, Emil R. Reigel, Ph.D., Professor of 
Industrial Chemistry, University of Buffalo. Reinhold Pub- 
lishing Corp., New York, 1942. 861 pp. 293 figs., 110 tables. 
15.9 X 23.5 cm. $5.50. 

This fourth edition, like those preceding, is not a textbook of 
chemical engineering but a readable treatise, suitable for the 
chemist who wants to learn something about industrial processes 
and practice. The emphasis is descriptive rather than theoretical 
and mathematical. An introductory ‘“‘Table of Chemical and 
Allied Manufactures” serves immediately to orient the reader in 
the field in which he is about to venture. The part that this 
field is playing today is brought out in the first paragraph of 
the preface: 

“The titanic war which has been forced upon the nation by a 
treacherous enemy has made the industrial chemist and engi- 
neer intent upon only one goal, that of supplying, in the neces- 
sary quantities, the goods required for the vigorous prosecution 
of the war. More than ever has it become evident that the well 
being, not to say safety, of the nation is linked to the level of its 
industrial chemical achievements. At the moment, it is to the 
chemical engineer, seconded by the chemist and able manage- 
ment, that all eyes anxiously turn in quest for the substitute for 
Malayan exports; and it is to him that the task of manufactur- 
ing 100 octane aircraft fuel in sufficient quantities is assigned.” 


QUANTITATIVE ANALYSIS, William Rieman III, Ph.D., Associate 
Professor of Chemistry, Rutgers University, Jacob D. Neuss, 
Ph.D., Research Chemist, Merck and Co., Inc.; and Barnet 
Naiman, Ph.D., Assistant Professor of Chemistry, College of 
the City of New York. Second Edition. McGraw-Hill Book 
Company, Inc., New York, 1942. xi + 496 pp. 15.9 X 
23.5¢m. 

In this, the second edition, some important changes have been 
made, both in the laboratory and in the theoretical sections. 
Among the latter is the adoption of the Brgnsted definitions of 
acids and bases. 


Mass SPECTRA AND Isotopes, F. W. Aston, Sc.D., F.I.C., F.R.S., 
Nobel Laureate, Fellow of Trinity College, Cambridge. Second 
Edition. Longmans, Green and Co., New York, 1942. xii + 
276 pp. 48 figs., 20 tables. 14 XK 22.2cm. $7.00. 

Since the first edition of this book appeared in 1933, all the ele- 
ments have been analyzed and their isotopic constitution deter- 
mined. The new features in this edition therefore largely con- 
cern the results of this analysis and the methods by which it was 
accomplished. Part III, The Elements and Their Isotopes, has 
consequently received the greater part of the author’s attention 
in the revision. The evidence upon which the later tables of iso- 
topes are based is given rather fully. A new chapter has been 
added in which the development of more accurate types of mass 
spectrographs and other instruments is described. The author’s 
preéminence in the field makes the book a standard reference 
monograph. 


CHEMICAL ENGINEERS MANUAL, Donald B. Keyes, Professor of 
Chemical Engineering, University of Illinois; and A. Garrell 
Deem, Assistant Professor of Chemical Engineering, University 
of Illinois. John Wiley and Sons,,Inc., New York, 1942. 
vii+ 221 pp. 11.4 X 16.4cm. 

A pocket handbook of convenient size, containing the tables, 
equations, and other material which a student or practicing chemi- 
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cal engineer would be likely to use most frequently. A working 
tool, not a reference library. 


NATURAL AND SYNTHETIC H1GH PoLtyMEerRS. A TEXTBOOK AND 
REFERENCE BooK FOR CHEMISTS AND Biotocists. Kuri H. 
Meyer, Ph.D., Professor of Organic Chemjstry, University of 
Geneva, Geneva, Switzerland. Translated by L. E. R. Picken, 
Ph.D., Cambridge, England. Interscience Publishers, Inc., New 
York City, 1942. xviii + 690 pp. 182 figs. 15 X 23 cm. 
$11.00. 

To scientists working with such naturally occurring organic 
substances as cellulose, rubber, and proteins, Meyer and Mark’s 
“Der Aufbau der hochpolymeren organischen Naturstoffe’’ has 
been a useful and important reference work ever since its publica- 
tion in 1930. 

In 1939 and 1940 the authors published a two-volume revision 
and extension of this treatise. The book by Mark, entitled 
“Physical chemistry of high polymeric systems” [reviewed in 
J. Cuem. Epuc., 18, 200 (1941)] and the book which is the sub- 
ject of this review are translations of these two volumes. In spite 
of the close relationship between them, each stands on its own 
feet. They complement each other in covering different phases 
of the same general subject, yet each is mutually understandable 
without the other. 

The scope of this work is indicated by the list of titles of the 
main divisions: The Study of High Polymers; Inorganic High 
Polymers; High-Polymeric Hydrocarbons and Their Deriva- 
tives; Polymeric Ethers, Esters, Sulfides, etc.; Cellulose and Its 
Derivatives; Substances Related to or Associated with Cellulose; 
Starch and Related Carbohydrates; The Proteins; The Proper- 
ties of High Polymers in Solution; Films, Foils and Membranes; 
The Molecular Structure of Animal and Plant Tissues. 

The author’s point of view throughout is that of the physical 
chemist, emphasizing the molecular structures and their signifi- 
cance in the interpretation of macroscopic properties. He has 
done a very fine job. This book is certain to prove of great use 
to chemists and others working with natural or synthetic poly- 
mers. It will also be found interesting and instructive by many 
others, not actually working with such substances, who never- 
theless, wish to become acquainted with the progress being made 
in this important and rapidly developing field. 

Although this is by no means a “popular’’ book, the style is 
clear and readily followed by anyone with a fair scientific back- 
ground. The translator is to be commended for his part in con- 
tributing to this result. The volume might well serve as the basis 
for an advanced course for college seniors or graduate students in 
chemistry. In too many colleges and universities this industrially 
and scientifically important subject is sadly neglected. 

The reviewer finds little to criticize adversely. He does wish to 
point out, however, that the treatment of solubility and related 
phenomena (p. 567 ff.) is based on the assumption that the en- 
tropy of mixing is “‘ideal,’’ whereas—as shown in a later section— 
the actual deviations from ideality are very large indeed. Very 
recent progress in the theory of the viscosity and thermodynamic 
properties of solutions of polymers is not adequately dealt with, 
but that is doubtless because of the necessary lapse of time be- 
tween the preparation of the German manuscript and the publi- 
cation of the English translation. 

The publishers, like the author and translator, have done their 
part well. Materials and workmanship are both of high quality. 

Maovrice L. Huccins 


Kopak RESEARCH LABORATORIES 
RocHESTER New YORK 
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SECOND EDITIONS, 1942 


A Shorter Course 


in Organic Chemistry 


By J. C. COLBERT, PH.D. 


Associate Professor of Chemistry 
University of Oklahoma 


Pipe NEW EDITION of this widely used text is 
thoroughly in keeping with the most recent 
trends in the theory and application of organic 
chemistry. Designed to build a thorough under- 
standing of organic reactions on the basis of atomic 
structure and the electronic nature of the valence, 
the book treats in detail the aliphatic organic com- 
pounds and considers in survey the aromatic and 
heterocyclic organic compounds. In addition to 
the thorough development of theory, it includes 
much practical material dealing with both indus- 
trial and biological applications, with special 
attention to the latter. 





The new book retains the most widely praised 
features of the first edition—the charts showing the 
relationships between the different organic com- 
pounds, the informal chats with students, and the 
comprehensive review chapter. It discards all 
outworn theories and is thoroughly up to date in 
its emphasis upon the nature of covalent, codrdi- 
nate, and electrovalent bonds, its explanation of 
the nature of single, double, and triple bonds on an 
electronic basis, and its stress upon the importance 
of resonance. The problem materia] has been 
completely revised, with special attention to drill 
on proof of structure and prediction of results in 
a reaction. Careful consideration is given to the 
latest advances in the applied field—changes in the 
petroleum industry, the use of sulfanilamide drugs, 
the formulas and nature of vitamins in relation to 
the chemistry of foods, etc. 





Royal 8 vo 355 pp. $3.75 


Laboratory Technique 


of Organic Chemistry 
By J. C. COLBERT, PH.D. 


"Ppa nee laboratory manual with its conveni- 
ent duplicating feature, has been revised and 
improved to serve as a companion to the new edi- 
tion of A Shorter Course in Organic Chemistry. 


83/,"” x 103/,” 341 pp. $2.50 











OUTSTANDING 
McGRAW-HILL BOOKS 


Principles and Practice of Qualitative Analysis 
By Paut E. Spoerrt, Polytechnic Institute of Brooklyn, 
Haroitp WEINBERGER, College of the City of New York, 
and Rosert GINnELL, Polytechnic Institute of Brooklyn. 
International Chemical Series. 282 pages, $2.75 


Gives a logical, thorough treatment of atomic structure, 
complex ions, kinetic theory, reactions of pure substances, 
reactions with solvents, and reactions in solution. An effort 
is made to stimulate student interest and initiative. 


Quantitative Analysis 
New second edition 
By Wiiu1aM Rreman, III, Rutgers University, Jacos D. 
Neuss, Merck & Co., Inc., and BARNET Naman, College 
of the City of New York. International Chemical Series. 
496 pages, $3.50 
Completely revised and largely rewritten, this well-known 
book emphasizes theoretical aspects and relationships be- 
tween theory and laboratory practice, from the physical 
chemistry point of view. Many new analytical procedures 
have been added. 


Chemistry of Engineering Materials 
New fourth edition 
By the late Ropert B. LeicHou. Revised by J. C. War- 
NER and associates, Carnegie Institute of Technology. 
International Chemical Series. 645 pages, $4.50 
Aims to provide information on the chemital properties of 
engineering materials so that these materials may be more 
intelligently selected and used. The revision includes dis- 
cussions of new metallic and inorganic protective coatings, 
abrasives, plastics, etc. 


Semimicro Qualitative Analysis 

New second edition 

By Paut Artuur and Otro M. Smitu, Oklahoma A. & M. 

College. International Chemical Series. 321 pages, $2.75 
The theory portion of this book has been expanded to ten 
chapters and theory and laboratory have been closely corre- 
lated. Discussion of semimicro techniques has been much 
enlarged and modernized. 


The Chemical Technology of Petroleum 
New second edition 
By Wiiu1am A. Gruss and Dona.p R. Stevens, Mellon 
Institute of Industrial Research. 733 pages, $7.50 
A complete revision of Gruse’s Petroleum and Its Products, 
this volume is an almost entirely new book, presenting a 
chemical discussion of the properties, refining, and utiliza- 
tion of petroleum. 


Refractories 

New second edition 

By F. H. Norton; Massachusetts Institute of Technology. 

798 pages, $7.50 
This treatise deals mainly with the fundamental processes 
involved in the manufacture and use of refractories. The 
present edition contains new treatments of the nature of 
clay, the mechanism of plastic flow, deflocculation of slips, 
etc. 


Send for copies on approval 


McGRAW-HILL 
BOOK COMPANY, Inc. 


D. APPLETON-CENTURY COMPANY 
35 West 32nd Street New York, N. Y. 


330 West 42nd Street New York, N. Y. 
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TRADE ANNOUNCEMENTS 


New Laboratory Detergent 


A new detergent, Alconol, has just been introduced by Standard 
Scientific Supply Corporation, 34 West Fourth Street, New York 
City. In the announcement on this new product, Alconol is de- 
scribed as a cleanser which is unlike strong soaps or alkalies whose 
action is purely chemical. Alconol relies on physical action for 
its detergent value by lowering the surface tension of foreign 
matter adhering to the surface of the utensils to be cleaned. 

According to the manufacturer, Alconol was put through ex- 
haustive tests by hospital, industrial, commercial, and photo- 
graphic laboratories. In the latter, it was found that by adding 
a little Alconol solution to the developer, negatives came through 
sharper in detail, and dried much more rapidly, without showing 
water stains. In the former laboratories, it was found that in 
Alconol they had an ideal cleansing agent. All types of utensils— 
glass, porcelain, and metal—were easily cleaned with Alconol. 
For example, blood-clogged pipettes responded readily to action 
of Alconol; slides cleansed thoroughly; glassware in general 
came through sparkling, clear and clean, with rinsing water run- 
ning off quickly, leaving no water marks and allowing the utensil 
to dry quickly. 

Although it contains no soap, Alconol is said to produce an 
abundant, highly efficient lather in water of any degree of hard- 
ness without the formation of insoluble calcium soap. It is 
claimed that Alconol will lather readily in acid solutions. Also, 
unlike soaps or strong alkalies, the surface tension depressant of 
Alconol is so great that no film is left on glass. If the glassware 
is left in an inverted position for a few moments, towel wiping 
may be eliminated for all practical purposes. Because of its 
physical rather than chemical action, Alconol is said to be per- 
fectly harmless to the hands and to the items cleaned. Dusty 
microscope slides were rinsed before the culture smear was added, 
and were found to be absolutely free from film, water rings, or 
any foreign matter. Grease stained glassware readily responds 
to Alconol; the action of the Alconol separates the grease from 
the glass and it is then a simple job to clean. 

Alconol is packaged in dry form and is available in 3-pound 
packages or in bulk. It is manufactured for and distributed 
exclusively by Standard Scientific Supply Corporation, who will 
gladly send generous samples if requested on your letterhead. 


New Organic Alkyl Peroxide Now Available 


The Union Bay State Company recently announced the avail- 
ability of Commercial ¢-Butyl Hydroperoxide, a formulation 
of t-Butyl Hydroperoxide—an unusually stable liquid with an 
active oxygen content of 17.8% (at 100% concentration) which 
can be handled and shipped in large quantities without danger 
of explosion from shock. It is said to be soluble in many common 
organic solvents such as alcohol, ether, ketones in general, 
esters, aromatics, and petroleums; is slightly soluble in water 
and is comparatively stable in the presence of various alkalies 
and acids. Standardized at a concentration of 50-60% (+10% 
available oxygen), Commercial ¢-Butyl Hydroperoxide appears 
to be ideally adapted for use as a catalytic agent in one or two 
phase polymerizations, as an oxidation agent for laboratory 
purposes, as a drying accelerator in oils, paints, varnishes, etc., 
as a combustion accelerator in heavy fuel oils used in diesel 
engines, as a bleaching agent for cotton, wool, and other fabrics, 
and for numerous other uses. Samples may be secured by 
writing Laboratory ‘‘T-17,’’ Union Bay State Company, 50 
Harvard Street, Cambridge, Mass. 


U. S. Stoneware Laboratory Equipment 


A new 16-page bulletin on laboratory equipment has just been 
issued by the U. S. Stoneware Company, 60 East 42nd Street, New 
York City. The bulletin illustrates and describes their line of 
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laboratory sinks, acid-proof piping, and ventilating equipment. 
Copies of the bulletin, No. 498, are available free on request. 


New Constant Temperature Dry-Ice Cabinet 


A new development for use wherever reliable, convenient, 
trouble-free, and speedy refrigeration is required in the labo- 
ratory, is offered by the American Instrument Co., Silver Spring, 
Md. It provides temperatures from minus 90°F., up to 220° F.., 
with a constancy of plus or minus !/2°F., and is intended for use 
where expensive mechanical refrigeration would not be justified. 

It is available in two temperature ranges: from zero to minus 
90°F., and from 220°F. to minus 90°F. 

According to the manufacturer, temperatures of minus 65°F. 
and 90°F. are attained in 15 and 30 minutes, respectively, from 
an initial temperature of 85°F. 

Temperatures can be held at minus 40°F. and minus 90°F. in 
an ambient temperature of 85°F. for 24 hours with 40 and 60 
pounds of dry ice, respectively. 

The cabinet is portable and ready for operation after packing 
with dry ice and plugging the cord into the current supply. 
Once packed with dry ice it requires no further attention until 
a new charge of dry ice is required. 


The temperature within the cabinet is held constant within 
plus or minus !/,°F. In the low-temperature model, this close 
temperature control is made possible by means of an Aminco 
Quickset Bimetal Thermoregulator, which, through a solenoid 
and an electronic relay (time-delay), operates a damper that 
allows air to be passed over the dry ice when cooling is needed, 
or to be by-passed when cooling is not needed. The temperature 
control system requires only natural heat leakage for its opera- 
tion. No electric heaters are used in this model to control the 
temperature, thus affecting appreciable savings in dry-ice 
consumption. 

In the high- and low-temperature model, the control described 
above is augmented by the installation of Aminco LoLag Electric 
Heaters operated through an Aminco Silent Power Relay. 

The working chamber (24 X 24 X 24 inches) has a hinged 
removable cover in which is incorporated a 5-ply vacuum-sealed 
plate glass window. Another hinged cover is provided for access 
to the dry-ice compartment. 

The dry-ice compartment (75-pound capacity) is heavily 
insulated from the working chamber and the by-pass duct, thus 
conserving the dry ice when refrigeration is not required. 

Air is circulated constantly through the cabinet by means of a 
fan located beneath the dry-ice compartment, the fan being 
driven by a motor mounted outside the cabinet. 

The dry-ice compartment is provided with an externally 
controlled hand damper, which limits the amount of air passed 
over the dry ice in proportion to the temperature desired. A 
scale permits quick setting of the damper. 

Complete details are given in Bulletin No. BA-2111. 
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Editors Outlook 


War HAS placed great emphasis on the study of 
elementary physics. In secondary schools ad- 
ditional courses in mechanics and elementary electri- 
city are being introduced rapidly, and textbooks for 
these courses based on an army-outlined syllabus are 
being rushed from the press. In general, the call today 
is for more training in mathematics and science. 

Chemistry teachers, although encouraged by the sud- 
den popularity of the science curriculum, may be 
forced, to let chemistry take a secondary place. But 
we should not overlook the need for trained personnel 
in all branches of technical work. 

In the field of the social studies, we notice a definite 
trend away from general social science toward par- 
ticular subjects such as history and geography. A 
similar trend away from general science toward physics 
and chemistry is also becoming evident. And the 
healthful and encouraging sign is the emphasis being 
placed upon individual student laboratory work, as 
shown by the policy of the powerful New York State 
Teachers’ Association in introducing its recent syllabus. 

Chemistry teachers must be prepared, now as always, 
to defend the place of chemistry in the curriculum. 
Let us marshal some of the understandings vital to 
warfare which are essentially chemical in nature. 

1. Every bullet or projectile is propelled by the 
force of a chemical reaction. 

2. The exploding of every shell or bomb involves 


the chemical reaction of three agents: a detonator, a 
booster charge, and a bursting charge. 


3. Chemical warfare, both offensive and defensive, 
is an essential part of military training and tactics. 

4. The fixed-nitrogen problem is becoming acute, 
and the available supply of fertilizers is diminishing. 

5. Every truck, tank, and jeep is energized by chemi- 
cal reactions. 

6. Fire is a powerful military agent and weapon. 
Knowledge of the nature of combustion and its control 
is essential in both military and civilian life. 

7. The development of synthetic rubber, as well as 
of other plastics, will be vital to our military and ci- 
vilian activities. 

8. Safety measures, such as the protection from car- 
bon monoxide and other hazards, involve knowledge 
and application of chemistry. 

9. Many of the problems concerning our food sup- 
ply and national nutrition are chemical, as well as those 
concerning health and disease. 

10. Millions of chemical analyses are needed to 
assure the quality of all the steel, concrete, copper, 
aluminum, and other materials which will be produced 
and used this year. 

In pressing chemistry’s claim for its rightful place in 
the curriculum, we shall have to contend with an in- 
creased emphasis on the manual skills in shopwork, an 
accelerated physical fitness program, and attempts to 
introduce courses in the new geo-social studies. Never- 
theless, training in the sciences must be expanded in 
schools and colleges throughout the country. We dare 
not allow the United States to become technically 
weak. —E. C. W. 





Whats Been Going On 


OTABLE progress in several fields was achieved in 1942 

through the continuing and extensive research program 
carried on by Lederle Laboratories, Inc., a unit of American 
Cyanamid Company. Outstanding are developments in appli- 
cations of the sulfonamide drugs, new dried sera for grouping and 
typing human blood, hemostatic globulin for staunching the flow 
of blood from minor wounds, Rhulitol for treating ivy poisoning, 
a vaccine for treating equine encephalomyelitis in humans, and 
serum and vaccine for Rocky Mountain spotted fever. Impor- 
tant service is also being rendered in processing blood and blood 
albumin donated through the American Red Cross for use by our 
armed forces. These and other significant advances still in de- 
velopment result from the extensive research carried on by this 
company particularly as related to chemotherapeutic and bio- 
logical products for both human and veterinary medicine. 

The sulfa drugs, particularly sulfadiazine, have proved them- 
selves invaluable in saving lives and minimizing the consequences 
of wounds and burns suffered by our armed forces. Reports 
from battle areas uniformly confirm the almost miraculous effec- 
tiveness of these products in preventing infection of injuries and 
thus promoting prompt rehabilitation of casualties. Important 
improvements in the application of sulfadiazine, now adopted as 
the drug of choice of the sulfonamide family by the Army Medical 
Corps, have been effected by the developments of several new 
preparations. Sodium sulfadiazine is a water-soluble form in 
which the drug may be introduced hypodermically where oral 
administration is impracticable or ton slow. Sulfadiazine in 
ethanolamine solution (Pickrell), sulfadiazine ointment, and 
sulfadiazine-tannic acid jelly are convenient forms for applying 
the drug externally to surface injuries (burns particularly) to pre- 
vent infection. These preparations, as well as the surgical pow- 
der, tablet, and water-soluble forms, of sulfadiazine are proving 
vital additions to the materia medica of medical officers in all 
services of the United Nations. 

The value of dried blood plasma lies in its effectiveness in treat- 
ing sufferers from shock. For this it is the practical equivalent of 
whole blood. In the convenient form provided to the armed serv- 
ices blood plasma is preserved against all deterioration and can 
be safely used within a period of five years. This is important in 
a world-wide war. The dried plasma is packaged with a separate 
container of sterile distilled water required for its regeneration 
and the necessary instruments for administering it. Thus trans- 
fusions can be safely and promptly given by the surgeon actually 
on the field of battle where necessary. 

While the blood plasma treatment is especially adapted to 
army conditions, naval requirements are somewhat different and 
are being met by the use of blood albumin especially prepared 
for the purpose. Blood albumin serves very much the same pur- 
poses, but since naval vessels have distilled water available and 
limited space, the more condensed form of blood albumin has im- 
portant advantages. 

Although both plasma and albumin are effective substitutes 
for transfusions of whole blood in most cases, there are occasions 
when whole blood must be employed. That requires that the 
blood of the donor be matched with that of the recipient, or- 
dinarily a tedious laboratory operation. For this purpose, a 
technic has been developed based upon the use of the dried serum 


of the blood of rabbits as test substances to establish quickly and 
surely to which of four groups the blood of a person belongs. 
The blood of the rabbits used in making the reagents is taken 
from animals previously given injections of human blood long 
enough beforehand to insure the formation of excessive amounts 
of the reactive antibodies. The testing of a sample of blood by 
the new technic requires only a few seconds and no special equip- 
ment. Thus, grouping of the blood of every person in the armed 
services has become routine at the time of induction and a symbol 
denoting this type is permanently stamped on his identification 
disc. This greatly simplifies the task of the surgeon in an emer- 
gency. 

A similar technic has also been developed for typing blood in 
cases where heredity and kinship must be determined. In this, 
the factors designated M and N, which are transmitted to offspring, 
are determined by the use of the dried plasma of rabbits, pre- 
viously enriched in those factors by injections of human blood. 
From the known course of these factors in heredity, the test sup- 
plies strong presumptive evidence of consanguinity or lack of it. 
This is especially important in court proceedings. 

Hemostatic globulin, a constituent isolated from blood and 
possessing enhanced power to clot blood (thrombic activity), has 
proved highly efficient in staunching the flow of blood from 
wounds. Its importance lies in the fact that the blood of many 
persons may be, or may become through disease, deficient in 
natural clotting ability. To such persons even minor wounds 
and cuts are dangerous through hemorrhage. Shaving, pulling 
of teeth, and even the simplest of surgery present hazards to 
“bleeders” that may even be fatal. Hemostatic globulin ef- 
fectively erases this danger. When applied either as a spray or as 
a wet dressing, hemostatic globulin causes clotting of blood in 
the capillaries within as short an interval as five seconds. A 
severed vein or artery must be subjected to surgical treatment 
as heretofore, but dentists and surgeons find the new material 
invaluable in cases of stubborn bleeding. 

A new effective treatment for ivy poisoning is marketed as 
Rhulitol. Applied on a wet dressing, this preparation quickly re- 
lieves itching and local symptoms, prevents secondary infections, 
and promotes complete healing in a few days. Its principal ac- 
tive ingredient is tannic acid. 

Equine encephalomyelitis, the virus disease of horses known 
as blind staggers, has been found also to affect man and reached 
epidemic proportions in 1941. A refined vaccine for human use 
has been developed by the egg-embryo culture method. It con- 
fers effective immunity to the disease. Although human cases 
have been reported with the eastern strain of the disease, the 
western strain is more common and is the one used in preparing 
the human vaccine. 

Veterinary application of the sulfa drugs had advanced sub- 
stantially during the year. Sulfaguanidine, particularly, has 
proved effective in treating the infections known as coccidiosis 
in the digestive tracts of animals and fowls. This is the first 
time diseases of this type could be successfully treated. Calf 
scours, which causes high mortality among young calves, can be 
successfully treated with sulfaguanidine with important savings 
to cattle raisers. This development is vital to maintaining the 
nation’s meat supply in war. 





The fact that a maker of merry-go-rounds is now producing, among other things, 
gun mounts and gears for planes is encouraging not only to the present production of 
war equipment, but also to the future production of merry-go-rounds and of whatever 
else may seem attractive to the management. : 
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Industrial Water Conditioning Processes 
Part I 


WENDELL W. CERNA, Hall Laboratories, Pittsburgh, Pennsylvania 


IGHTY thousand tons of synthetic rubber will be 
produced in one year by one of the large new 
plants now almost ready for production. Fifty times 
as much or four million tons annually of river water 
will be chemically treated for use in steam power genera- 
tion and process steam requirements for the successful 
operation of this one plant. One hundred seventy-five 
million tons more water, or twenty-two hundred times 
as much water as synthetic rubber produced, will be 
used annually for service and cooling water and other 
uses in this plant. It is interesting to note that this 
amount of water is approximately the same as supplied 
to the municipal service lines of a city of 1,000,000 in- 
habitants. 

This relationship of water to plant product is typical 
not only of this one new synthetic rubber plant, but of 
many others in the field of synthetics as well as in other 
industries producing numerous necessities such as steel, 
non-ferrous metals, high-octane gasoline, plastics, 
chemicals, ordnance, munitions, and hosts of other 
materials now more important to our welfare and future 
mode of life than ever before. 


The successful operation of vast new and expanding 
plants, as well as older established plants, is dependent 
upon the proper selection and operation of a water- 
conditioning system. Unsatisfactory water quality 


can be a real bottleneck in production. In former years 
too little attention was often given to the matter of 
water conditioning, and when breakdowns and inter- 
ference occurred steps would be taken to alleviate 
these conditions by a belated consideration of methods 
and finally by applying some means of improvement. 
Frequently, with a plant already constructed and in 
operation, installation of a really suitable water- 
conditioning system was no longer possible because of 
space requirements and existing plant layout. In 
recent years, engineers entrusted with the planning of 
plants have given more thought to water requirements 
and called in the water chemists and chemical engineers 
for advice and recommendations. Thus, considerable 
progress has followed in the field of water conditioning 
by chemical means because of the intensified studies 
made as a result of the demands of industry. Today 
we are in the midst of an unprecedented program of 
plant construction and operation, the output require- 
ments of which are such that no gamble can be taken 
on the production schedule. Too much is at stake. 
These new plants are planned for practically continuous 
maximum output, without unscheduled outages which 
can be caused by lack of sufficient quantity of proper 
water supply. 


Recognition of the needs of people and industry in 
obtaining clear, safe water is illustrated by the type of 
municipal water-conditioning plants constructed within 
recent years. The photograph in Figure 1 is a good 
illustration of a modern municipal water plant. 

In the main, the North American continent is for- 
tunate in having a plentiful supply of water stored in 
rivers, lakes, wells, etc., equal to any demand which 
has been required or which can be anticipated for the 
necessary functions of sustaining life and manufactur- 
ing processes. However, for most purposes, whether 
for drinking water or manufacturing process, this water 
must be treated to be satisfactory. The treatment to 
be used will vary with the purpose for which the water 
is required, and also with the extent and nature of the 
impurities or contamination in the raw water supply 
at the point of use. 

Fortunately, the water-conditioning chemist has 
available a background of more than 100 years of 
developments, which have gone forward like many 
other technological advances, at an accelerated pace 
in the last few years. 

The purpose of this article is to outline and trace the 
fundamental chemical processes and developments in 
use for conditioning water and bring to the attention 
of the chemist and engineer some of the recent changes 
in equipment designed to supply the vast quantities 
of properly conditioned water required for essential 
industries with a minimum use of critical materials. 


VARIATIONS IN ANALYSES OF RAW WATER SUPPLIES 


There are considerable differences in the composition 
and concentrations of dissolved and suspended solids 


FIGURE 1.—WATER PURIFICATION PLANT OF MAHONING 
VALLEY SANITARY DISTRICT, SUPPLYING YOUNGSTOWN AND 
Nites, Ouro. INGLUDES CLARIFIERS, SEDIMENTATION BASINS, 
FILTERS, AND CHLORINATION EQUIPMENT 
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in various raw water supplies, requiring different meth- 
ods of correction. Consequently, there are a number 
of methods of treatment, and selection of the proper 
method or combination of methods is a real responsi- 
bility of the water-conditioning chemist or engineer. 
For proper selection to be made, knowledge must be 
had of the raw water composition with possible vari- 
ations throughout the year, requirements of water 
characteristics for the use to which the water is to be 
applied, and knowledge of the methods of treatment 
with the limitations of each. 

Examples of the variety in the analyses of water 
resulting from differences in the composition of the 
earth’s strata are illustrated in Table 1. 


TABLE 1 


RANGES IN CHEMICAL ANALYSES FouND IN RAW WATER SUPPLIES 
Results Expressed in Parts per Million 


Water Source 26 ge of 
Carbonate (COs) 0 0 
Bicarbonate (HCOs) 0 325 
Sulfate (SOx) 174 5 
Chloride (Cl) 5 1l 10,825 
Silica (SiOz) (dissolved) , 9 


Calcium (Ca) 29 633 
Magnesium (Mg) es 2 174 
Sodium (Na) (calc.) 5 53 3435 
Iron (Fe) i vn 13 7 


Suspended solids 18 


Total solids 292 15,420 


Total soap hardness (cal- 

culated as CaCOs) 5 82 
Total acidity as H2SO, 26 
Free acidity as H2SQu 3 


2,310 


@ Surface water from small lakes at Liverpool, Nova Scotia. 
6 Lake Ontario water at Toronto, Ontario. 

© Monongahela River water (filtered) at Pittsburgh, Pa. 

@ Well water near Houston, Texas. 

¢ Mississippi River water 30 miles above New Orleans, La. 
f Well water in Western Pennsylvania. 


METHODS OF CONDITIONING WATER 


Sterilization. The chief purpose in controlling the 
properties and characteristics of water is the provision 
of safe, potable water supplies for domestic consump- 
tion. Successful chemical control has made possible 
the elimination of epidemics of water-borne diseases 
such as typhoid fever. 

One of the first means of eliminating water-borne 
germs was sterilization by heat, or boiling of the water. 
This method is still used as the most readily available 
when the quality of the water supply is uncertain or 
known to be unsafe. Such simple sterilization by heat 
will prevent much illness and reduce the death rate 
among our military forces in isolated regions with con- 
taminated water supplies. 

Sterilization of water supplies by the use of certain 
chemicals is a cheaper and simpler method than heating 
in many cases. Chemical sterilization methods are 
used not only for safeguarding water for domestic 
consumption, but are also very important on a large 
scale in preventing organic growths in water used for 
cooling purposes where the temperature of the water 
is not raised much above 100°F. In this temperature 
range conditions are ideal for the rapid growth of or- 
ganisms which interfere with water flow and heat 
transfer. An example of this use is that of condensers 


JOURNAL OF CHEMICAL EDUCATION 


used in steam power plants for condensing exhaust 
steam from turbogenerators. The exhaust steam is 
generally led to an enclosed metal chamber where it 
is condensed by means of cool water flowing through 
a multitude of small-diameter metal tubes. Such 
tubes can become completely plugged with these 
organic growths unless preventive measures are taken. 

The prevention of organic growths by sterilization 
is usually accomplished by treatment of the supply 
with such chemicals as copper sulfate, chlorine, am- 
monia-chlorine (chloramine), and, in case of cooling 
and circulating systems, sodium pentachlorphenate. 
The treatment requires a means of control to get the 
proper amount of the chemical in solution as well as 
effective distribution and mixing. In some cases, 
intermittent dosage is sufficient and in others con- 
tinuous chemical feed is required. This type of 
treatment frequently requires less than one part per 
million of effective chemical, and heavy overdosage 
must be avoided. 

Evaporation and Condensation. Purification of water 
by evaporation and condensation produces water of 
the highest purity. This method is used on a large 
scale ranging from the requirements of the laboratory 
and the medical field to the furnishing of make-up 
water for boiler feed-water systems in high-pressure 
steam power plants. The quantities of distilled make- 
up water required by boiler feed-water systems in many 
large central electric power generating stations is 
startling at first to chemists accustomed to the prepa- 
ration of a few gallons of distilled water per day. Many 
of these stations will prepare in excess of one-half 
million pounds of distilled water daily for make-up 
water, not to mention the 50 million or more pounds of 
total distilled water produced daily by the condensation 
of steam generated in the boilers to drive turbo- 
generators. As this condensate is also returned to the 
feed-water system, it will be apparent that such a 
power plant is essentially a huge distilled water produc- 
ing plant. Surprisingly enough, despite the immense 
quantities of distilled water produced in these plants, 
the quality of the distillate is frequently superior to 
that produced in the average laboratory still. 

Settling or Sedimentation. Sedimentation is fre- 
quently the normal result of solids gradually and 
steadily settling due to greater density than that of 
water. Thus many streams show considerable sus- 
pended solids at the point of entry to a lake or reser- 
voir, but the water delivered from such natural or 
artificial storage basins is practically clear, free from 
the undesirable suspended impurities. Surprisingly, 
such sedimentation may even reduce the bacteria con- 
tent sufficiently to make water polluted at the source 
safe for drinking. Sometimes, however, following 
storms or changes in temperature, turbid matter may 
be stirred up from the bottom and the sediment con- 
tent changes so quickly that additional methods of 
controlling the quality must be available. 

While sedimentation is generally a natural process, 
it is also purposely brought about by the use of dams 
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and artificially constructed reservoirs. Such reser- 
voirs must have sufficient capacity to permit quiet 
settling for a period sufficient to furnish satisfactory 
water for the intended purpose, and this may vary 
from a minimum of several hours to several days, de- 
pending upon the nature of the suspended matter in 
the water and the use for which the water is intended. 

Coagulation and Clarification. In some water sup- 
plies, the suspended matter is of such low density, or 
is so finely divided, that satisfactory removal by simple 
settling is not feasible. Water containing considerable 
organic coloring matter extracted from dead vegetation 
is an example of this class. Such water can be clarified 
by the use of proper chemicals for coagulation. The 
coagulating chemicals may act by one or both of the 
following methods: 

1. Changing or neutralizing the electrical charge 
on the colloidally suspended particles, permitting 
agglomeration and settling. 

2. Formation of a gelatinous, spongy mass which 
absorbs and entangles the suspended matter. 

The first action may occur from the simple addition 
of an electrolyte to water. An example of this is found 
in the formation of the Mississippi delta, resulting 
from the rapid precipitation of solids from the muddy 
Mississippi River as the fresh water joins the salt 
water of the Gulf of Mexico. 

In artificial coagulation, a chemical which will also 
produce the second action is always used for greater 
speed in settling and clarification. Such chemicals 
are known as coagulants and consist of metallic salts 
which hydrolyze in the water forming gelatinous hy- 
droxy precipitates. The chemicals most frequently 
used for coagulation are aluminum sulfate, Alo(SOx)s: 
18H2O (filter alum), and ferrous sulfate, FeSO.-7H2O 
(copperas). As both of these chemicals hydrolyze in 
water to form acids, neutralization is required to per- 
mit proper floc formation. With some waters the 
necessary alkalinity is naturally present in the water 
in the form of bicarbonate. A typical reaction with 
aluminum sulfate in this case is represented by the 
following: 


Al,(SO4)3:18H20 + 3Ca(HCOs;)2 > 
2Al(OH)3 + 3CaSO, + 6CO, + 18H,0 


If sufficient alkaline salts are not naturally present 
in the water to form the floc necessary for coagulation, 
then alkalies must be added in proper amount. For- 
tunately two of the cheapest chemicals, lime and soda- 
ash, are most suitable for the purpose. The reactions 
involved in producing the flocculent iron hydroxide on 
mixing ferrous sulfate and one of these chemicals in 
the water to be clarified are illustrated by the following: 


4FeSO,-7H,O + 4Ca(OH). + O, —— 
4Fe(OH)s + 4CaSOQ, + 26H,O 


4FeSO,:7H,0 + 4Na2CO; “ O, —> 
4Fe(OH); + 4Na2SOQ, + 4CO2 + 22H,0 
It will be noted that oxygen also enters into the last 
two reactions to oxidize ferrous iron to form the desired 
ferric hydroxide floc. The oxygen is furnished by the 
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dissolved oxygen of the water and the reactions also 
illustrate the oxidizing nature of the usual water sup- 
plies. 

In addition to coagulating colloidal solids by chang- 
ing their charges due to the coagulating chemicals 
added, colloids are also removed by adsorption on the 
surfaces of the precipitated floc. 

For good results in clarification by coagulation, in- 
timate mixing is necessary. In modern equipment 
this is obtained by mechanical stirring, first at high 
speed to obtain thorough mixing, followed by slow 
agitation to accelerate growth of particle size of the 
precipitated floc. This is followed by quiet settling, 
requiring from thirty minutes to four hours for satis- 
factory clarification. 

One type of rapid-acting clarifier, with sludge 
blanket and recirculation of sludge provided, developed 
in recent years, is shown in diagrammatic form in 
Figure 2. 
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Courtesy Infilco, Inc., Chicago, Illinois 

FIGURE 2.—MODERN COMBINATION COAGULATION AND CLARI- 

FICATION UNiT. CAN ALSO BE USED FoR HARDNESS REDUCTION 
BY PRECIPITATION METHODS 


Precipitation. The total equivalent calcium bicar- 
bonate and calcium sulfate delivered daily in natural 
water supplies would be sufficient to build whole city 
blocks of limestone structures with alabaster and 
plaster-of-paris trim and ornaments. Unfortunately, 
hard stone-like deposits are not prized in heating or 
cooling coils, boilers, industrial products, etc. On 
the contrary, such-deposits are definitely harmful and 
an expensive nuisance, and may cause shutdowns if 
the accumulations are not prevented or removed 
promptly. 

The predominant scale-forming soap-consuming ions 
found in water are those of calcium and magnesium. 
Their presence is due to the vast quantities of calcium 
and magnesium-bearing rock formations in nature, and 
the relatively high solubilities of their bicarbonates, 
sulfates, and chlorides. The carbonate of calcium is 
comparatively insoluble, as is the hydroxide of mag- 
nesium, and early chemists quickly sought means of 
precipitating these salts from hard water, thereby 
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softening the water by precipitation and settling of the 
calcium carbonate and magnesium hydroxide. 

Among the numerous chemicals first used for soften- 
ing water were lime and soda-ash. As early as 1767, 
Cavendish described the relationship of lime and 
“fixed air’ (carbon dioxide) in spring water. One 
hundred years ago (1841), Thomas Clark proposed and 
obtained British patents on a forerunner of the modern 
types of precipitation and sedimentation softeners. 
He used lime for softening, which is effective for the 
removal of bicarbonate hardness, as indicated by the 
following basic reactions: 


Ca(HCOs;)2 + Ca(OH), > 2CaCO; + 2H20 
Mg(HCOs;)2 + 2Ca(OH): — 2CaCO; + Mg(OH): + 2H,O 


Clark’s process was a great step forward in that he 
developed and described mechanical equipment for use 
with the process. His proposal was unique in that he 
recognized the need for a method of chemical control, 
as results depend on the addition of proper quantities 
of chemicals, and excess lime would simply add to the 
hardness of the water. Clark devised the soap test for 
measuring the hardness of the water, and this test with 
modifications is still one of the most important tools 
in controlling softener operation. 

The function of heat in softening water containing 
bicarbonate hardness was also early recognized and 
Brooman received a British patent on this process in 
1850. By simple heating carbon dioxide is driven off 
from the highly soluble bicarbonate to form the less 
soluble carbonate, as follows: 


Ca(HCOs)2 + Heat — CaCO; + CO, oa H,O 


Similar investigations and proposals were brought 
out by a number of European investigators during the 
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FIGURE 3.—PRECIPITATION TyPE Hot PROCESS SOFTENER, 

WITH SPRAY TYPE DEAERATION CHAMBER AND VENT CONDENSER 

FOR GAS REMOVAL WITH STEAM RECOVERY. CHEMICAL MIXING 
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same period, among the most notable of which was the 
work of the Frenchmen, Boutron and Boudet (1854). 
The German chemist, Fresenius, was also attracted to 
the field of water softening and recommended the use 
of sodium carbonate (soda-ash) in 1853. 

While lime and heat could only be used to remove 
bicarbonate or so-called ‘‘temporary’’ hardness, in 
addition to magnesium hardness, soda-ash could be 
used for reducing the sulfate or “‘permanent’’ hardness. 
The fundamental type reactions which make soda-ash 
effective are the following: 


CaSO, -t Naz,CO; seep CaCO; oe Na2SO, 


MgSQ, + Ca(OH). + Na,CO; —~> 
CaCO; 4. Mg(OH), ote Na2SOQ, 


Thus, by a proper combination of lime and soda-ash, 
with or without heat, water of low residual hardness 
can be produced to the limits of solubility of calcium 
carbonate and magnesium hydroxide under the condi- 
tions of temperature, pH, carbonate, and hydroxide 
balance maintained in the treating system. 

Basically, modern precipitation-type softeners con- 
sist of a mixing and sedimentation chamber, a method 
of controlling chemical feed and sometimes a means of 
heating the water and removing dissolved gases. 
Water from the settling chamber is drawn off and fre- 
quently the residual suspended solids are removed by 
filtration; this will be considered later. Cold-process 
softeners may operate by either the batch or continuous 
systems. In the former, the treating tank is filled with 
water while the treating chemicals are added, further 
mixed by stirring, and then permitted to settle. In the 
continuous process, the treating chemicals and raw 
water are added continuously to the mixing chamber 
of the softener in proportion to the amount of raw water 
flowing to the softener. 

The hot-process softener always operates con- 
tinuously and may be used where hot water is ad- 
vantageous, such as for make-up water to boiler feed- 
water systems. Coagulants are seldom required in 
the hot-process softener, as the softening reactions and 
settling are accelerated by the temperature. In cold- 
process softeners longer reaction and settling periods 
are required, and coagulants are generally necessary 
to obtain satisfactory removal of the precipitated 
hardness. These coagulants are the same as pre- 
viously mentioned, usually the sulfate of aluminum or 
iron. A special coagulant, sodium aluminate, is also 
frequently used in these softeners. Its main advan- 
tage, aside from not increasing the sulfate concentra- 
tion of the treated water, is one of convenience to the 
user. 

Precipitation-type softeners lend themselves to a 
large variety of special treatments in addition to the 
common lime-soda softening. Among the special appli- 
cations are softening with orthophosphate (hot process 
only), and silica reduction in high silica waters by the 
use of magnesium or iron salts. With some water 
supplies, silica removal can be combined with softening 
by the use of magnesium sulfate, magnesium oxide, or 
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dolomitic lime (calcium-magnesium oxide) along with 
the lime and soda-ash added to the precipitation 
chamber of the treating tank. Silica removal by means 
of iron or magnesium salts is largely an absorption proc- 
ess, although with the latter some precipitation of 
magnesium silicate also occurs. Waters high in sodium 
bicarbonate can also be treated for alkali reduction by 
use of lime and gypsum (calcium sulfate) in the treat- 
ing tank. The main reactions involved in this treat- 
ment are as follows: 


2NaHCO; + Ca(OH), —— Na,CO; + CaCO; + 2H,0 
Na2CO; + CaSO, —~> Na2SQ, + CaCO; 


The type of clarifier illustrated in Figure 2 is also 
used as a continuous operation, cold-process, precipi- 
tation-type softener, and can be used for silica removal 
as well. 

Cold-process precipitators may be constructed of 
concrete or wooden basins as well as steel, while hot- 
process softeners are always made of steel. A standard 
type of the latter is illustrated in Figure 3. 

Filtration. Filtration of water is simply straining it 
to remove suspended solids. The suspended solids may 
be large particles such as sticks of wood, leaves, mud, 
etc., or very small particles such as bacteria and 
colloids. Naturally, the types of filters to accomplish 
the desired results will vary from relatively simple 
screens with large openings to graded beds of filter 
material requiring a top layer of jelly-like floc to remove 
the very finely divided solids from the water. 

Nature supplies an excellent earth filter for vast 
quantities of well and spring waters. However, some 
of these watets containing ferrous iron may become 
turbid on reaching the atmosphere, from oxidation of 
the iron by air, so that further filtration is necessary 
before the water supply is fit for use. 

Artificial filters are made up of graded sizes of almost 
any relatively inert materials of greater density than 
water. Those of stone and silica sand are most com- 
mon in the usual municipal and industrial plants. 
Other filtering materials used for special purposes 
range from sponges and activated charcoal to calcite 
and anthracite coal. The last of these is receiving 
particularly wide acceptance in filtering alkaline water 
after lime-soda softening for boiler feed-water use, 
because silica pick-up, from the filter material is thus 
prevented. Furthermore, because of the relatively 
low density of the coal, less backwash water is required 
for cleaning the filter. 

Some filtration systems are open or gravity-flow, 
usually having the filter bed supported in concrete, or 
wooden basins; some operate under pressure in closed 
iron or steel tanks. Small pressure filters may also 
be constructed of wood. Both types are fitted with a 
means of backwashing with filtered water to lift and 
clean the filter bed, as it becomes clogged with the sus- 
pended material removed from the water. 

In some plants filtration is the sole treatment given 
the water. In many others, filters are used in con- 
junction with coagulation or softening systems to re- 
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move the residual finely divided solids not taken out 
by simple settling in tie sedimentation basins or tanks. 
The use of filters after lime-soda softening reduces the 
residual hardness of the water and improves the 
clarity by removing the remaining suspended calcium 
carbonate and magnesium hydroxide. The value of 
filtration in increased efficiency of lime-soda softener 
operation was recognized about thirty years after the 
introduction of the chemical sedimentation type 
softener and a British patent on the system complete 
with the filtration feature was issued to A. C. Hender- 
son in 1872. 

Cation and Anion Exchangers. These softeners are 
commonly known as “‘zeolite’’ softeners, as their oper- 
ation depends upon the reactivity of certain natural 
and artificially prepared materials, among which nat- 
ural zeolitic minerals were first used. Americans have 
some claim to first directing attention to the possi- 
bility of using zeolite softeners, because soft water 
was noted in the course of sinking a coal shaft in 
zeolitic earth at Urbana, Illinois, in 1884. However, 
the German, Robert Gans, first described and obtained 
patents on this process of softening water in 1906 and 
1907. A little earlier, in 1905, Gans also obtained the 
first of several patents on the artificial preparation of 
hydrated complex alumino-silicates, or artificial zeolite. 

The zeolite or base-exchange minerals first used for 
softening were composed of sodium-aluminum-silicates. 
When water containing hardness (dissolved calcium, 
magnesium, iron, etc.) is passed through a layer of the 
zeolite, an exchange takes place whereby the sodium in 
the mineral is given up and replaced by the calcium, 
magnesium, or dissolved iron. If we let the zeolite 
mineral be represented by Na»Z, the typical reactions 
which occur in passing hard water through a zeolite bed 
are represented by the following: 


Ca \ — Ca 
Mey HCOs)s + NaszZ —> 2NaHCO; + jz 


Ca Ca 
80 + NaoZ ae Na2SO, ot A 


The sodium salts remaining in the water as a result 
of zeolitic action are termed soft, due to their high 
solubility in cold or hot water, and non-reactivity with 
soaps, the latter already being sodium or potassium 
salts of certain organic fatty acids. 

As the zeolite bed changes from sodium zeolite to 
calcium or magnesium zeolite, its softening action is 
naturally reduced. The real industrial usefulness of 
the zeolite in water softening is that the base-exchange 
reactions are reversible. When the zeolite bed ap- 
proaches exhaustion, it is regenerated by treating with 
a strong solution of sodium chloride, the reaction being 
represented as follows: 


2NaCl + CaZ — > NaZ + CaCl, 
2NaCl + MgZ ——~> NaoZ + MgCl, 
The soluble calcium and magnesium chlorides formed 


are washed out of the zeolite bed by flushing with fresh 
water, after which the unit is again ready to supply 
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softened water. A pressure flow type sodium zeolite 
softener is illustrated in Figure 4. 

The typical reactions given show that there is no 
reduction in dissolved solids of the water when softened 
by the sodium zeolite system, as compared to the de- 
crease in solids of a bicarbonate hardness water 
when treated in lime or lime-soda sedimentation-type 
softeners. For some uses, such as in laundry work, the 
lack of reduction in total dissolved solids is not im- 
portant. With waters high in bicarbonate hardness, 
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as that of the zeolitic mineral, the only advantage being 
that undesirable silica could not be dissolved from the 
organic material, which is a disadvantage of the 
siliceous natural or artificial zeolites for some uses. 

In 1936 patents were issued in England to the 
United Water Softeners Limited, and in Germany to 
Karl Jeager, which described base exchange materials 
made by treating peat, lignite, bituminous coal, an- 
thracite, and wood with strong acids, such as fuming 
sulfuric acid, at temperatures up to 160°C. These 


Courtesy Permutit Company, New York, New York 


FIGURE 4.—ZEOLITE BASE EXCHANGE SOFTENER (SopruM CYCLE) 


the lack of any reduction in bicarbonate is a serious 
drawback for many uses, as, for example, where the 
water is to be used for boiler feed water. This objec- 
tion to zeolite softening has been overcome by the 
development in recent years of organic base-exchange 
mediums which can be used for converting the basic 
elements or cations in water to hydrogen, as well as to 
sodium. 

The forerunner of the organic base-exchange develop- 
ments was the work of George Borrowman who ob- 
tained United States patents in 1931 and 1935 on 
methods of producing organic materials which could 
be used in place of zeolitic minerals, by treating peat, 
lignite, or brown coal with solutions of salts of alkali 
metals, such as sodium chloride. This procedure, 
however would have merely the same softening action 


materials when properly made could be used in a base- 
exchange softener for either simple softening according 
to the reactions already given for sodium zeolite soft- 
eners, or they could be used to substitute hydrogen for 
the metallic cations, depending upon whether the 
organic base-exchange material was regenerated with 
salt brine or an acid solution such as sulfuric acid. 
With acid regeneration the type reactions which occur 
when the water is passed through the organic exchange 
material, represented by H:2Z, are as follows: 


Na Na 
Ca HCO; + H.Z ee. H.CO; Le Ca Z 
Mg Mg 


Na Na 
Ca SO, + HZ =e H.SO, + Ca}Z 
M M 


g g 
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A study of these reactions is very interesting. The 
first reaction shows that bicarbonates, including 
sodium bicarbonate, can be entirely eliminated, be- 
cause the carbonic acid formed can be largely removed 
by the simple expedient of liberating the carbon di- 
oxide. This will be discussed later under the subject 
of gas removal. The second reaction shows that with 
sulfates in the water sulfuric acid is formed, and simi- 
larly chlorides are converted to hydrochloric acid. The 
concentrations of sulfates and chlorides in the principal 
sources of raw water are sufficiently low so that the 
actual acidity of such treated water is very slight. 
However, even such slight acidity would be unde- 
sirable for most commercial uses. 

By combining treatments of water containing bicar- 
bonates, sulfates, and chlorides, passing part of the 
water supply through a sodium zeolite softener and 
the balance through a hydrogen zeolite softener, and 
combining the effluents, water of almost any desired 
degree of alkalinity or acidity can be obtained (within 
the limits of the bicarbonate and sulfate plus chloride 
concentrations of the raw water). This results from 
the neutralization of the sodium bicarbonate, formed in 
the sodium cycle treatment, by the sulfuric and hydro- 
chloric acids formed in the hydrogen cycle treatment. 
Water-conditioning chemists and engineers have been 
quick to recognize these advantages for many water 
supplies and uses, and a large number of industrial in- 
stallations of this type have been made. A complete 
water-conditioning system of this type, including gas 
removal equipment, is illustrated in Figure 5. 

In common with the discoveries that plastics could 
be made from a host of organic materials abundantly 
available from plant life, it was soon found that many 
of the resins could be converted to base-exchange usage 
similar to the carbonaceous zeolites. Adams and 
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Holmes of England received patents on this process in 
1935, and in a paper published in the same year de- 
scribed similar condensation products which possessed 
the property of adsorbing anions from dilute acids. 
Thus, by first passing raw water through a carbonaceous 
zeolite softener operating in the hydrogen cycle to con- 
vert salts to acids and then passing the water through 
an anion exchanger (or absorber) sulfate and chloride 
are removed, although carbonic acid remains in the 
effluent. The carbon dioxide is then removed from the 
anion exchanger effluent by passing the water through 
an aerator. By this series of treatments, water com- 
parable in quality to distilled water can be economically 
obtained from raw water supplies which are not too 
high in silica and total dissolved solids. 

The reactions occurring in water passing through 
anion exchangers are indicated by the following (the 
anion exchanger is represented by An(OH),): 


H.SO, + An(OH), ee AnSO, + 2H,0 
2HCl + An(OH), ——~ AnCl, + 2H2O 


The spent anion exchanger is regenerated with 
sodium carbonate or bicarbonate solution, the reaction 
being represented as follows: 


2NaHCO; + AnSO,——> An(OH)2 + NazSOQ. + 2CO, 
2NaHCO; + AnCl, —— An(OH), + 2NaCl + 2CO, 


After regeneration, the salts and dissolved carbon 
dioxide are removed from the anion exchanger by 
rinsing with fresh water. 

Aeration, Odor, and Gas Removal. For some uses 
certain dissolved gases, such as oxygen in drinking 
water, are not objectionable and may be desirable, while 
others, such as hydrogen sulfide in drinking water or 
oxygen in boiler feed water, are detrimental to the 
quality of the water. In the case of cold-process lime- 
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treated water, carbon dioxide is frequently introduced 
to stabilize the water to avoid after-precipitation and 
to lower the pH value of such water. Therefore, the 
water-conditioning system must be planned and in- 
stalled with proper consideration for any necessary dis- 
solved gas removal, or introduction, depending upon 
the particular use which is to be made of the water 
supply. 

Dissolved hydrogen sulfide, free carbon dioxide, and 
some organic gasés and odors can be removed by 
thorough aeration. This method is used for many 
municipal water supplies and consists of passing the 
water into the air in a spray, letting it flow down a 
series of steps in thin sheets, over trays, or by various 
other methods of exposing considerable water surface 
to the air for gas liberation. Aeration also oxidizes 
ferrous iron in water, permitting precipitation of the 
ferric hydroxide which can then be removed by settling 
in a sedimentation basin or by filtration, as previously 
discussed. 

A special design of aerator, usually of wood or tile 
construction, is used for carbon dioxide removal when 
waters of fairly high bicarbonate concentration have 
been treated in carbonaceous zeolite softeners operating 
in the hydrogen cycle, or when sulfuric acid is added 
directly to a bicarbonate water to reduce the alkalin- 
ity. The treated water, usually the combined effluent 
from sodium zeolite and hydrogen zeolite units, or 
direct acid-treated water, is passed to the top of the 
aerator, also known as a decarbonator, and allowed to 
descend in thin streams over a series of baffles or trays, 
while air is blown up through the aerating tower by 
means of a fan (see Figure 5). This treatment will 
often reduce the residual free carbon dioxide to as low 
as 5 parts per million. 

Tastes and odors from gases not removed by aeration 
are also destroyed by adsorption on activated carbon, 
the carbon being removed by settling or final filtration 
along with solid impurities or coagulating chemicals. 
Tastes and odors developed from microérganisms or 
trade wastes, otherwise difficult to remove, can be de- 
stroyed by so-called superchlorination which consists 
of treating with considerable excess chlorine (one or 
more parts per million). The excess chlorine required 
is undesirable in itself but can be removed by treat- 
ment with activated carbon. 

One of the most important industrial applications of 
gas removal is the deaeration or removal of dissolved 
oxygen and other gases from boiler feed water. For 
industrial steam and power generating plants operat- 
ing boilers and auxiliary equipment at elevated tempera- 
tures, oxygen in the feed water is a serious cause of 
corrosion, due to the readiness with which iron oxi- 
dizes in the presence of moisture and oxygen. There- 
fore, very elaborate precautions are frequently taken 
to remove oxygen from the water to be used for boiler 
feed water. With proper provision for the escape of 
gases, dissolved gases which do not actually react with 
water can be removed by raising the temperature of the 
water to the boiling point. With liberal “venting” the 
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partial pressure of all gases except steam can then be 
reduced practically to zero, with corresponding reduc- 
tion in the concentration of the dissolved gases in the 
water. 

Equipment for oxygen removal in boiler feed water 
is constructed of iron or steel, frequently with special 
corrosion-resistant alloys in the area where the water is 
first brought to the boiling temperature and gases re- 
leased, because of the severe corrosiveness of the water- 
gas mixture at this stage. Such equipment is usually 
designated as open-heaters, or deaerating heaters, with 
the former generally designed to reduce residual dis- 
solved oxygen to 0.4 p.p.m. or less, while the more 
elaborately designed deaerators will reduce it to less 
than 0.04 p.p.m. when properly operated and not over- 
loaded. These gas-removing heaters are generally of 
either the tray or spray type. In the former, water 
is passed into the top of the units, intimately mixed 
with an ascending flow of steam and the heated water 
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descends over a series of plate baffles or trays spreading 
the water out in a multitude of thin streams to permit 
ready escape of entrapped gases. In the spray type 
unit, the water is sprayed from a number of nozzles 
into a steam chest where it is heated by the steam to 
boiling temperature. The liberated gases and some 
steam are continuously removed by means of a vent at 
the top of the units, and the deaerated water is collected 
in a storage chamber at the bottom of the shell. 

A form of tray-type deaerating heater for removal of 
dissolved oxygen from the boiler feed water is illus- 
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trated in Figure 6. The system pf treatment outlined 
in Figure 5 also illustrates tray-type carbon dioxide 
removal equipment and a spray-type deaerating heater 
for oxygen removal. 

In the second and final article of this series supple- 
mentary treatments of water will be discussed, such as 
boiler water-conditioning and the recently developed 
“threshold treatment.” Applications of the methods 
of treatment described’ to actual industrial uses will 
also be given with examples showing means of saving 
surprisingly large quantities of ‘‘critical’’ materials. 





Carl Julius Fritzsche 
and the Discovery of Anthranilic Acid, 1841 


FRED E. SHEIBLEY 


NDIGO was known to the ancients and its valuable 

dyeing properties made it one of the most im- 
portant of the natural dyestuffs. The interest of the 
early chemists in this substance, therefore, is not 
surprising, and their labors together- with the millions 
of dollars spent in its study, culminating in the first 
commercial synthesis in 1880, all contributed to make 
indigo one of the most important of the synthetic 
dyestuffs. 

Carl Julius Fritzsche became interested in indigo 
sometime before 1839 (1). Fritzsche is an excellent 
example of the hard-working early chemist who com- 
bined high experimental skill with strong powers of 
observation. He was born at Neustadt in Saxony in 
1808 and had gained some experience in pharmacy 
before he became an assistant to Mitscherlich who 
later (1834) discovered nitrobenzene. He afterward 
attributed his chemical stock in trade to Mitscherlich, 
for the doctor of philosophy degree which he took 
at the University of Berlin in 1833 was in botany. 
Fritzsche emigrated to Russia in 1834 where his 
scientific services were retained by the government 
for many years. His chemical work, most of which 
appeared initially in the publications of the Academy 
at St. Petersburg, touched on uric acid, indigo, the 
harmala alkaloids, osmium, and oxides of nitrogen. 
He discovered the isomeric ortho (1) and para nitro- 
phenols, demonstrated the identity of murexide with 
the ammonium salt of purpuric acid, and studied the 
double compounds which picric acid and 2,7-dinitro- 
anthraquinone form with aromatic hydrocarbons (2). 

In 1840 Fritzsche published his first paper (3) on 
the action of caustic alkalies on indigo. By distilling 
the red-brown crystalline mass which results when 
heated mixtures of these substances are allowed to 
cool he obtained a basic oil which he purified and 
analyzed correctly. He studied the oxalate and hy- 
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drochloride of the base and called it Anilin after the 
Spanish name for indigo, anil. Erdmann, then editor 
of the Journal fir praktische Chemie, immediately 
recognized the identity of aniline with Krystallin, a 
base which Unverdorben had prepared from indigo 
in 1826, and called attention to this fact in a note (4) 
following Fritzsche’s paper. 

While experimenting with aniline (3), Fritzsche had 
observed that the red-brown crystalline mass con- 
tained a salt of a singular acid which he proposed to 
investigate further. The promised study (5) resulted 
in the discovery of two new acids and was published 
in 1841. When the filtered, aqueous, greenish-yellow 
solution of the material prepared by adding indigo 
to a very highly concentrated solution of caustic 
potash at 150°C. is acidified, a dark red-brown precipi- 
tate separates. This product appeared to be homo- 
geneous and was named Chrysanilsdure in reference 
to its source and the golden-yellow color of its solutions. 
But chrysanilic acid is a complicated substance with a 
relatively high molecular weight and properties tend- 
ing to make its study difficult, and it is not surprising 
that Fritzsche was unable definitely to determine its 
composition. He analyzed specimens of the acid 
isolated in the course of several varying attempts at 
purification, and also examined the lead salt; but 
chrysanilic acid does not crystallize well, and con- 
sistent results were not obtained. This uncertainty 
persisted almost sixty years later in a paper by Hent- 
schel (6), and was only clarified in 1910 by the synthetic 
work of Friedlander and his collaborators (7), (8). 

Having failed to learn the exact composition of his 
singular acid Fritzsche turned to an interesting deg- 
radative reaction. On warming chrysanilic acid 
with mineral acids he obtained a bluish-black precipi- 
tate, presumably an indigoid dyestuff, which to date 
has not been thoroughly investigated, and an aqueous 
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solution of another acid which he precipitated as the 
zinc salt. This acid was also prepared directly by 
allowing an alcoholic solution of the indigo-caustic 
potash reaction mixture to stand in air until the 
initial green color changed to brown, after which the 
liquid was saturated with carbon dioxide and con- 
centrated, when the potassium salt of the new acid 
crystallized. The free acid, isolated by treating a 
suspension of the zinc salt in alcohol with sulfuric 
acid or by adding acetic acid to a solution of the 
potassium salt, was appropriately designated An- 
thranilsaure, a beautiful name which rolls harmoniously 
off the tongue and indicates the origin of the acid in 
indigo as well as the bluish fluorescence of its solutions. 
Anthranilic acid crystallizes easily from hot water or 
alcohol in long needles and plates. Fritzsche obtained 
it colorless, and from a number of excellent analyses 
of the acid and its silver salt he was able to describe 
its composition accurately. He mentions its sweet 
taste and states that it melts and sublimes at +135°C. 
This observation was possibly made with a large 
amount of material, perhaps during a decarboxylation 
experiment, since the accepted melting point (9) is 
144-145°C. and few chemists at that time attached 
much importance to melting points, 

When anthranilic acid is heated above the melting 
point it decomposes into carbon dioxide and aniline. 
Fritzsche observed this reaction for the first time and 
recognized the products; and that its importance was 
not lost is indicated by the italics (10) which are used 
to describe it. He effected the change quantitatively 
and collected 99.6 per cent of the theoretical amount 
of carbon dioxide (5). 

A nicely crystalline product like anthranilic acid 
and its relation to the composition of indigo did not 
fail to attract the attention of other chemists. Liebig 
was so interested that he at once repeated parts of 
Fritzsche’s experiments, with modifications, and de- 
scribed his results in a paper (11) in his Annalen der 
Chemie und Pharmacie immediately following the 
published account (5) of Fritzsche’s work in that 
journal. He confirmed the decomposition of an- 
thranilic acid into carbon dioxide and aniline, and 
even checked the compositions of the acid and its 
silver salt. Fritzsche returned to the subject in 1843 
(12), but his most important observation was the 
recognition of the identity of Zinin’s Benzidam with 
aniline. Zinin prepared Benzidam by reducing nitro- 
benzene with ammonium sulfide, and Fritzsche showed 
its identity with aniline in a note (13) which follows 
Zinin’s classic paper (14). 

The constitution of chrysanilic acid was finally 
elucidated through the experiments of Friedlander 
and his co-workers in 1910 (7), (8). By carefully 
acidifying a dilute aqueous solution of the indigo- 
caustic potash reaction products in the presence of a 
large volume of ether they succeeded in isolating in- 
doxyl-2-aldehyde and anthranilic acid, and represented 
the action of hot caustic alkalies on indigo (I) as 
follows: 
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They showed further that under acid conditions 
indoxyl-2-aldehyde (II) and anthranilic acid (III) 
react smoothly to give chrysanilic acid (IV) which is 
therefore, the o-carboxy anil of indoxyl-2-aldehyde: 
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That this reaction occurs upon acidification of the 
initial greenish-yellow solution of the indigo-caustic 
potash reaction mixture is indicated by the greenish- 
yellow color of alkaline solutions of indoxyl-2-aldehyde 
as contrasted with the deep golden yellow of cor- 
responding solutions of chrysanilic acid. 

In 1840 the organic background of chemical knowl- 
edge was insufficient for establishing a systematic 
nomenclature and chemists were obliged to assign 
individual names to new substances. Their choices 
were not always happy ones, and while the desirable 
practice of designating complicated or little-known 
natural products by names indicative of their biological 
sources has persisted, many very classical names 
arrived at in this manner have entirely disappeared. 
Fritzsche did not confine himself to Greek roots; the 


~ names with which he identified his compounds clearly 


show the influences of a good taste, and his Anilin 
has survived the less distinguishing Kristallin, Kyanol 
(Runge, 1834), and Benzidam. 

When we consider his disinterested experimenting, 
his professional services to the Russian government, 
and his frequent indulgence in foreign travel, it is not 
surprising that Fritzsche never engaged in active 
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teaching. Peter Griess, a brewery chemist, later 
refused German chemical professorships because he 
felt that they could interfere with his personal re- 
search. How different it is today when these con- 
ditions are reversed, and few opportunities of pursuing 
satisfactory fundamental investigations are to be 
found in other than teaching positions. at the larger 
universities. 

Fritzsche’s laboratory is said to have been of a 
modest kind but later he shared with Zinin (15) the 
more ample facilities of the chemical laboratory of 
the St. Petersburg Academy. What interesting dis- 
cussions must have passed between these two masters 
of organic chemistry at that time! Fritzsche had 
always enjoyed good health but after 1869 he was 
bothered with paralysis. He continued working, 
however, and finished an investigation of the di- 
morphism of tin before his death in 1871. 
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Preparation of Pentabromophenol and Bromanil from Phenol 
MORITZ KOHN! Havana,Cuba 


AS AN example of the preparation of completely 
brominated aromatic compounds, pentabromophenol 
and bromanil can be prepared easily as a laboratory 
exercise. The following procedure is recommended be- 
cause it has been used successfully by my collaborators 
and myself for many years. 

Phenol (I) is transformed first into 2,4,6-tribro- 
mophenol (II); the latter, treated with bromine in the 
presence of iron as a catalyst, yields pentabromophenol 
(III). The oxidation of III with fuming nitric acid 
yields the tetrabromoquinone (bromanil) (IV). 
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All the vessels and materials used for the preparation of 
pentabromophenol must be completely dry; water, 
even in small traces, is to be excluded carefully. It is 
advisable to wear some sort of eye protection. 

Under a good hood, in a china cup, 20 cc. of bromine 


Br Br 





1 Formerly of the University of Vienna. 





(which is more than sufficient because 3 mols of bro- 
mine would correspond to only 15 cc. of bromine) are 
added gradually to 0.9 g. phenol dried, if necessary, by 
fresh distillation. The tribromophenol formed in this 
way is melted (the rims of the cup are heated gently 
also) to prevent admission of moisture from the air. 
Then one gram of very finely powdered iron is mixed 
with the product in the cup, the gas burner is removed, 
and 30 cc. of bromine (three times the quantity-required 
theoretically) are gradually added with care. The tem- 
perature of the mixture increases during the formation of 
pentabromophenol and HBr. The superfluous bromine 
is evaporated over a boiling water bath, and the dry 
residue is pulverized in a porcelain mortar and heated 
with 50 cc. dilute (1:2) hydrochloric acid for half an 
hour on a water bath. Then the mixture is cooled, the 
raw material is filtered by suction, washed thoroughly 
with water, and dried at a temperature of 120°C. Pure 
pentabromophenol (melting point 225°C.) can be ob- 
tained by crystallization of this raw product from 
glacial acetic acid. 

For the preparation of bromanil (IV), 25 g. of raw 
pentabromophenol, completely dried, are heated care- 
fully and gradually with 100 cc. of concentrated fuming 
nitric acid until the reaction takes place and brown 
vapors are developed. The mixture is poured out on 
pieces of ice, the crude bromanil is filtered by suction, 
and washed with warm alcohol. Crystallization from 
boiling glacial acetic acid yields pure bromanil. 








A Semimicro Scheme of 
Qualitative Analysis for the Anions* 


J. T. DOBBINS and MARY EUGENIA KAPP?* 


University of North Carolina, Chapel Hill, North Carolina 


OMPARATIVELY few systematic schemes of 

analysis for the anions have been proposed, 
principally for the reason that satisfactory conditions 
have not been found for the coexistence in solution of 
many of these ions. Chief among the difficulties 
experienced is the fact that certain pairs of the anions 
undergo oxidation-reduction, therein changing from 
the original state and completely losing their identity. 
The anions, for the most part, are complex radicals 
made from several atoms and are capable of under- 
going complicated electron changes. These changes 
usually produce a rather profound alteration in the 
nature of the ion. Very few of the cations undergo 
this change of valence, since they are simple ions 
consisting only of the residue of the original atom after 
it has lost one or more electrons. To illustrate, 
ferrous iron may be oxidized to the ferric state, but 
by using appropriate methods a test for iron may be 
ultimately obtained. In contrast, if the sulfite ion 
be oxidized, it is changed into an entirely different 
ion and its identity is permanently lost. 

For reasons based on the concept of electrode 
potential these oxidation-reduction reactions take 
place most readily in a solution of appreciable hydrogen- 
ion concentration; hence the question of fundamental 
importance is how this action may be brought to a 
minimum. In the proposed scheme of analysis the 
decrease in hydrogen-ion concentration is produced 
by dissolving the calcium nitrate, the reagent for the 
first group, in a saturated solution of calcium hy- 
droxide instead of water. However, there are two 
pairs of ions (ferricyanide and sulfide, ferricyanide 
and iodide) which do not involve the hydrogen ion 
in their reaction; in these cases the oxidation in- 
volves only a transfer of electrons from one ion to the 
other; consequently they never coexist in solution. 

The anions are divided as follows into five groups 
according to their behavior with certain metallic 
ions: 

Group I contains these ions which are precipitated 
as the calcium salts from alkaline solution: carbonate, 
fluoride, oxalate, tartrate, sulfite, arsenate, arsenite, 
and phosphate. 





1 Presented before the Division of Chemical Education, at the 
104th meeting of the A. C. S., Buffalo, New York, September 9, 
1942. 

? Taken from a thesis submitted by Mary Eugenia Kapp to the 
faculty of the University of North Carolina in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy. 

8 Present address: E. I. du Pont de Nemours and Company, 
Richmond, Virginia. 


Group II contains those ions which are precipitated 
as the barium salts from alkaline solution: sulfate 
and chromate. 

Group III contains those ions which are precipitated 
as the cadmium salts from alkaline solution: sulfide, 
ferricyanide, borate, and ferrocyanide. 

Group IV contains those ions which are precipitated 
as the silver salts from a solution slightly acid with 
nitric acid: cyanide, thiocyanate, thiosulfate, chloride, 
bromide, and iodide. 

Group V contains those ions which cannot be precipi- 
tated from solution: acetate, chlorate, nitrate, and 
nitrite. 

In most cases only a limited amount of separation 
of the ions in any one group is necessary since specific 
reagents have been found which are reliable in the 
presence of the other members of the group. Organic 
reagents in some cases give very specific and sensitive 
tests, but they are not used entirely. 

It is desirable to have the substance to be analyzed 
in the form of its sodium, potassium, or ammonium 
salt. If any other metal has been found in the cation 
analysis, a 0.1-gram portion of the material is boiled 
with 0.4 gram of sodium carbonate in 25 drops of water 
to obtain the ‘‘prepared”’ solution for use in the analysis 
of the anions. 


SCHEMATIC ANALYSIS 


Procedure 1. Precipitation of Group I. To 20 drops of the 
“prepared” solution add two drops of Ca(NO3;)2-Ca(OH)e solu- 
tion and centrifuge. Test for complete precipitation: Centrifu- 
gate containing Groups II-V is saved for Procedure 3. The 
precipitate may contain calcium salts of CO3;~, C2O.", CsHuOe", 
SO;", AsO;", AsO,=, PO,=, and F~, and is analyzed according to 
Procedure 2. 

Procedure 2(a). Analysis of Group I. Wash the precipitate 
from Procedure 1 with water until the washings no longer give 
a test for nitrates; discard the washings. Use two small portions 
of the precipitate for carbonate, oxalate, and tartrate tests in 
Procedure 2 (b) and reserve the remainder for Procedure 2 (c). 








| Procedure 2 (b). Test for COs", C2Ou", and CaHiOc™. 
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Procedure 2 (c). 





first. 


To the remainder of the precipitate from Procedure 2 (a) add ten drops of 3 N acetic acid, stir, centrifuge, and analyze centrifugate 











| 


Centrifugate may contain SO3", AsO3", AsOy", PO«*. 








Divide in four portions and make tests in order listed. 





Ist Portion 


Test for SOs” by adding 
one drop of dilute HCI, 
five drops BaCl: and 
centrifuge if necessary. 
Add five drops H2O:. 


2nd Portion 


Test for AsO3" by adding 
one drop of dilute HCl 
and two drops H:0 
and heat to boiling. 
Pass in H2S. An im- 


3rd Portion 


Test for AsO," by adding 
a few crystals of KBr, 
20 drops of conc. HCI. 
A yellow color disap- 
pearing on dilution 
shows presence of ar- 


4th Portion 


Test for POs" by adding | 


one drop molybdate- | 
tartaric acid solution 
and allowing to stand 
for one minute. Add 
two drops of dilute 


Residue may contain F~, C2O«", 


or CsHiOc”. 


Test for F~- on 


spot plate by adding a small 
portion of the residue to a‘ mix- 
ture of one drop of ZrOC1:, one 
drop alizarin and two drops of 


1:8 dilute HCl. 


The fading 


of the pink color of the reagent 
to a straw color shows pres- 
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eight drops of NHsAc. 
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phosphate. 

















Procedure 3. Precipitation of Group II. To two drops of the 
centrifugate from Procedure 1 containing Groups II-V add one 
drop of Ba(NO;)2. A precipitate indicates the presence of Group 
II, but it may be BaCO;. If a precipitate forms, add ten drops 
of Ba(NO;)2 to the remainder of the centrifugate and test for 
complete precipitation. Centrifugate contains Groups III-V 
and is saved for Procedure 5. Precipitate contains BaSO, and 
BaCrQ, and is analyzed according to Procedure 4. 














Procedure 4. Analysis of Group II. Wash the precipitate consist- 
ing of BaSOQ, and BaCrO, with ten drops of water, discarding the 
washings. Treat it with a mixture of five drops of water and five 
drops of 3 N HCl. Centrifuge. 














Centrifugate may contain CrO."- | Residue may contain SO,”. 
To one drop of this solution Treat residue with ten drops 
add one drop of diphenyl- of 3 N HCl. A white precipi- 
carbazide. A _ reddish-violet tate shows the presence of sul- 
color shows the presence of fate. 
chromate. Discard the re- 
mainder of solution. 





























. 


Procedure 5. Precipitation of Group III. To two drops of 
the centrifugate from Procedure 3 add four drops of Cd(NOs)s. 








color from white to yellow to orange to red and finally to black 
shows the presence of thiosulfate. If a precipitate forms, add 
two drops of dilute NH,OH to the entire centrifugate. (If 
thiosulfate is absent, the treatment with NH,OH may be 
omitted.) Now add ten drops of AgNOs, acidify with HNOs, 
mix well, and centrifuge. Centrifugate contains Group V and is 
saved for Procedure 9. Precipitate may contain Cl~, CN-, 
CNS-~, Br~, I~, and S.0;- (as Ag2S) and is analyzed according to 
Procedure 8. 





Procedure 8. AnalysisofGroupIV. Wash the precipitate from Pro- 
cedure 7 until the washings no longer give the test for the silver 
ion, discarding the washings. Add ten drops of ammoniacal silver 
nitrate to the precipitate. Mix well and centrifuge. 











Centrifugate Residue may contain CN~, Br~, I~, and Ag:S. Re- 
may con- move small portions to spot plate and add a few 
tain Cl-. crystals of KBr to each and test each as directed 

Acidify with below. 

HNOz A 
ye ei ; . Ist Portion 2nd Portion 










tate shows 
presence of 


To this add one drop of 
dilute benzidine and 


To this add one drop of 
3 N HCl and one drop 


| 
| 
| 
| 
| 


chloride. one drop of CuAcz. of FeCls. Red color 
Blue colo: shows pres- shows presence of thio- 
ence of cyanide. cyanate. 


A precipitate and not a mere cloudiness indicates the presence 
of Group III. Ifa precipitate forms, treat the entire centrifugate 
with ten drops of Cd(NOs)2, centrifuge and test for complete 
precipitation. Centrifugate containing Groups IV-V is saved for 
Procedure 7. Precipitate may contain S~, BO;~, Fe(CN).=, and 
Fe(CN),= and is analyzed according to Procedure 6. 





Procedure 6. Analysisof Group III. Wash the precipitate obtained 
in Procedure 5 until the washings are neutral, discarding the wash- 
ings. Divide into four portions. 


4th Portion 





Ist Portion 2nd Portion 3rd Portion 


S* is indicated | Toa portion on 
by the pres- | a spot plate, 
ence of a yel- add one drop 

of dilute HCl 


To this portion 
| add one drop 
of saturated 
benzidine so- 


in a casserole 


| 
| To this portion 
| add one drop 


of cone. 

















low precipi- 

tate. To and one drop HeSO, and lution. A 
confirm, add FeCls. The evaporate to blue or violet 

two drops formation of dryness. color shows | 
H:2O and one a deep blue Add three presence of | 
drop CuAce color shows drops of car- ferricyanide. 

to this por- presence of mine - H2SO, | 
tion of the ferrocyanide. solution. A | 
preci pi- red color 

tate. The changing to 

formation of violet shows 

a black solid presence of 

shows _pres- borate. 

ence of sul- 

fide. 














Procedure 7. Precipitation of Group IV. To two drops of 
the centrifugate from Procedure 5 add three drops of AgNOs. 
A precipitate may be Group IV. A white precipitate changing 





Remainder of residue is placed in centrifuge tube. 
To it add ten drops of water and one to two g. Zn 
dust and stir at least two minutes. 


Centrifuge. 





tions. 


Centrifugate containing Br~ and I ~ 
as Zn salts is divided in two por- 





lst Portion 


Test for Br~ by 
adding two 
drops of cen- 
trifugate to 
four drops of 
chromic acid 
on a watch 
glass over a 
beaker of 
boiling water. 
Wet a piece 
of filter paper 
with Schiff's 
reagent. 
Place it in a 
smaller 
watch glass 
and invert 
over other 
watch glass. 
Red - violet 
color with a 
metallic lus- 
ter develop- 
ing on paper 











shows pres- 
ence of bro- 
mide. 


2nd Portion 


Test for I~ by 
adding four 
drops of CCl 
to rest of 
centrifugate, 
acidifying 
with HAc 
and adding a 
small crystal 
of NaNOs. 
Dilute to two 
mJ. and shake 
well. Violet 
color in CCk 
shows pres- 
ence of io- 
dide. 





Residue of sil- 
ver and un- 
used Zn is 
discarded. 
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Procedure 9. Analysis of Group V. Centrifugate from Procedure 7 
containing NOs~, NO2~, C)O3~, and C:H3O2~ is treated as follows: 





Test for NOz~: To 


one drop of cen- 
trifugate on spot 
plate add one 
drop of Griess 
diazo reagent. 
The formation of 
a red color im- 
mediately and 
disappearing af- 
ter a short time 
leaving a yellow 
solution shows 
presence of ni- 
trite. 





Test for ClOs~: To 


one drop of cen- 
trifugate on spot 
plate add two 
drops of aniline- 
hydrochloride re- 
agent. The de- 
velopment of a 
blue color shows 
presence of chlo- 
rate. 





Test for C2:H302~: 


To one drop of 
centrifugate on 
spot plate add 
one drop of La- 
(NOs)2, one drop 
of 0.01 N iodine 
and one drop of 
1NNHOH. A 
blue color de- 
veloping around 
the edge of the 
drop of NHiOH 
shows presence 
of acetate. 











Procedure 10. Test for nitrate ion. To two drops of “pre- 
pared”’ solution add a slight excess of AgAc, heat and centrifuge 
until clear. To a drop of centrifugate on a spot plate add, in 
order mentioned, two drops of concentrated H:SQ,, and one drop 
of alpha-naphthylamine. A purple ring developing around the 
drop of reagent shows the presence of nitrate. 


SPECIAL REAGENTS 


Alizarin. Saturated alcoholic solution. 

Ammoniacal silver nitrate. Dissolve 1.69 g. AgNO; and 25.25 g. 
KNO; in a mixture of 17 g. concentrated NH,OH and dilute to 
1 liter with water. (KNO; is added as a coagulating agent.) 

Benzidine, dilute. 0.05 g. benzidine dissolved in 10 ml. glacial 
HAc and diluted with water to 100 ml. 

Benzidine, saturated. 2 N HAc saturated, in the cold, with benzi- 


dine. 
Calcium nitrate-hydroxide solution. 2 N Ca(NOs)24H20 satu- 
rated with freshly precipitated calcium hydroxide. 


Objective Tests in 


‘THE 1943-44 series of the Codperative Objective 

Tests in Organic Chemistry will be available about 
the first of July. This series will contain 25 topic ex- 
aiminations of one planographed page each and two se- 
mester examinations of two pages each, making a total 
of 29 pages of testing material. 

It is hoped that those who use these tests during the 
coming school year, 1943-44, will codperate to the ex- 
tent that this series may be standardized and the va- 
lidity of each item determined. Those who desire to 
avail themselves of machine grading may do so on a 
cost-plus basis. 

Sets will be available to instructors, graduate stu- 
dents, or research workers in lots of five or more at 20 
cents per set (plus postage) provided the order is re- 
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Carmine solution. 0.2 g. in 100 ml. concentrated H2SO,. 

Diphenyl carbazide. 1 per cent alcoholic solution. 

Griess diazo reagent. Dissolve 0.5 g. sulfanilic acid in 150 ml. 
2 NHAc; boil 0.2 g. alpha-naphthylamine with 20 ml. water, 
decant the colorless solution and add to it 150 ml. of 2 N HAc. 
Mix well the two solutions and keep stoppered in cool, dark 
place. 

Lanthanum nitrate. 5 per cent aqueous solution. 

Molybdate-tartaric acid solution. 5 g. (NH4)sMO;Ox4-4H20 dis- 
solved in 25 ml. cold water and added to 17.5 ml. HNO; 
(sp. gr. 1.2). Add 4 g. tartaric acid to each 25 ml. portion of 
this mixture. Solution must be made fresh every few days. 

alpha-Naphthylamine. Saturated aqueous solution at boiling 
temperature. Use only clear solution. 

Schiff’s reagent. Dilute with dilute HCl in proportion 1:1. 
Prepared by dissolving 1 g. rosaniline-HCl in 75 ml. water and 
decolorizing with sulfur dioxide. 

Zirconium oxychloride. 1.7 g. per liter of solution. 


SUMMARY 


1. A new semimicro scheme of analysis for the 
identification of the anions, based on the principle of 
oxidation-reduction through the control of the hydro- 
gen-ion concentration, has been developed. 

2. The anions have been scientifically grouped 
in such a manner as to minimize the number of opera- 
tions required to carry out the procedure, thereby 
reducing the time required for the analysis. 

3. Organic reagents have been used wherever 
advantageous. 


Organic Chemistry 


ceived on or before July 1, 1943. Orders for lots of 
five or more received after that date will be billed at 25 
cents per set, whereas all single sets are priced at 50 
cents. A key for convenience in grading is furnished 
with each order. 

Orders may be placed with the chairman of the com- 
mittee, Ed. F. Degering, Department of Chemistry. 
Purdue University, Lafayette, Indiana. Shipment will 
be made about August 10. 

The 1943 comprehensive Codperative Test in Or- 
ganic Chemistry is also in process of construction and 
should be available for final examinations this spring. 
Inquiries should be sent to the Cooperative Test Serv- 
ice, 15 Amsterdam Avenue, New York City, New 


Nylon that would make 36 pairs of stockings is needed for the shroud lines of one 
parachute. 





An 
Improved 


Kundt’s Tube 


MYRON B. REYNOLDS 
Brown University, Providence, Rhode Island 


EARLY everyone who has worked in an under- 

graduate physical chemistry laboratory is familiar 
with Kundt’s tube as it is used to measure the velocity 
of sound in gases. In its conventional form, Kundt’s 
tube is excited by stroking a rod attached to a dia- 
phragm within the tube, and when the movable piston 
has been adjusted to resonance, the distance between 
nodes is determined by means of lycopodium powder 
sprinkled inside the tube. This is a rather makeshift 
method, and the instructors in the laboratory at 
Brown University improved upon it by exciting the 
tube with a loudspeaker driven by a General Radio 
audio oscillator. When the writer first saw this 
improvement a few years ago, it occurred to him that, 
since the electrical impedance of a loudspeaker is a 
function of the acoustic impedance to which it is 
coupled, there should be a noticeable change in the 
impedance offered by the speaker when the piston 
in the tube is adjusted to the resonance position. A 
simple vacuum tube voltmeter using a type 6C5 tube 
was connected across the primary of the transformer 
coupling the voice coil of the speaker to the oscillator. 
Some change in the plate current of the tube could 
be observed when the piston was adjusted to resonance, 
but the sensitivity was not all that could be desired. 
This device was used for a year or more in spite of its 
disadvantages, since it was better than the lycopodium 
powder method. 

Finally, at the suggestion of Prof. J. P. Howe, the 
more sensitive device described was constructed. 
Time has shown it to operate in a very satisfactory 
manner. Except for the oscillator, galvanometer, 
and galvanometer shunt (which are likely to be avail- 
able in any physical chemistry laboratory), the entire 
apparatus can be constructed from standard radio 
parts. Any undergraduate with some knowledge of 
radio circuits and construction can build the apparatus 
in a few hours. 

It will be seen from Figure 1 that the circuit used 
is the old familiar bridge, with the plate-cathode 
resistances of the vacuum tube forming two arms of 
the bridge. The tube must be biased nearly to the 
cut-off point in order that the effective direct current 
































Input. -| 200v. I+ 


FIGuRE 1 


plate-cathode resistance becomes a function of the 


alternating current input to the grid. If this condition 
is met, the two plate-cathode resistances will change 
with changes in the alternating current inputs to the two 
grids, but so long as the alternating current inputs to the 
two grids change in the same ratio, the two plate-cathode 
resistances should maintain the same ratio so that the 
bridge balance is not changed. From Figure 1 it may 
be seen that the alternating current input from the 
coupling transformer 73 is divided between the two 
grids in a ratio determined by the relative impedances 
of the primaries of the two transformers 7; and 72. 
These impedances are determined by the value of the 
resistance Rs and the impedance of the voice coil of 
the speaker S. At any given frequency, if the acoustic 
load on the speaker remains constant, the relative 
impedances offered by the two transformers 7; and 7» 
should be independent of the alternating current input 
from 73, so that the inputs to the two grids will main- 
tain the same ratio and the bridge balance be in- 
dependent of the alternating current input. Since in 
actual practice it is impossible to obtain a tube with 
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the characteristics of both halves identical, this con- 
- dition cannot be completely achieved. However, the 
variations in the output of a good audio oscillator are 
sufficiently small that no difficulty should be en- 
countered from this source. 

Now suppose the load on the speaker be changed, 
in this case by adjusting the piston in the Kundt’s 
tube to the resonance position. This merely changes 
the impedance offered by 71 without changing that 
offered by T2. The ratio of the two grid inputs changes, 
changing the ratio of the two plate-cathode resistances 
and unbalancing the bridge, as indicated by the 
galvanometer G. 

The construction of the apparatus is fairly simple. 
The electrical parts should be so laid out as to give 
short, direct leads. There is no reason why two single 
triodes could not be substituted for the 6N7 tube, 
and the circuit constants be changed to suit the tube 
(or tubes) used. The plate supply for this apparatus 
may be either ‘“‘B”’ batteries or a rectifier unit. In 
the original apparatus a 6.3-volt transformer was used 
to supply the power for the cathode heater of the 6N7 
(not shown in the diagram), although a battery could 
be used. The constructor may find it desirable to 
experiment a bit to find what parts may be substituted 
for the ones described. The physical details of the 
actual Kundt’s tube are left to the constructor. In 
the original.a 50-millimeter glass tube was used. The 
speaker was attached to a metal flange which was 
fastened to the glass tube with deKhotinsky cement. 
The loud speaker end of the tube was enclosed in a 
wooden box about a foot square and filled with cotton. 
This should be clear from Figure 2. This box is not 
absolutely necessary, but it saves the ears of those 
working in the vicinity of the apparatus. 

The actual operation is very simple. Before the 
apparatus is turned on, the galvanometer shunting 
resistance should be reduced to a few ohms. After 
the oscillator, bridge, and power supply are turned 
on and warmed up, the galvanometer is brought as 
near to zero deflection as possible by adjusting Rs. 
The galvanometer shunting resistance may now be 
increased and Rs adjusted simultaneously to keep the 
galvanometer deflection as small as possible. The 
final fine adjustment of the galvanometer deflection 
to zero is made by adjusting R;. The bridge is now 
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ready for use, and when the piston of the Kundt’s 
tube is adjusted to resonance, the galvanometer de- 
flection will indicate the resonance position. If the 
galvanometer goes off scale at the resonance position, 
the sensitivity may be decreased by decreasing the 
shunting resistance Rs. 


FIGURE 2 


The writer wishes to thank Professor J. P. Howe 
for his helpful suggestions and coéperation during the 
construction of the original apparatus. 


Parts LIST 


1000-ohm wire-wound potentiometer, Yaxley or equiva- 
lent 
10,000-ohm 1-watt carbon-resistor 
10,000-ohm 1-watt carbon-resistor 
0.5-megohm 1-watt carbon-resistor 
0.5-megohm 1-watt carbon-resistor 
Four-dial resistance box, 0 to 9999 ohms 
10,000-ohm 1-watt carbon-resistor 
10-ohm wire-wound rheostat, Yaxley or equivalent 
0.1 to 1.0 uf. paper condenser of good quality 
0.5 uf. paper condenser, may be omitted 
6N7 tube 
Oxford 2ZMP permanent magnet speaker, 2 inch 
Thordarson T-13S42 universal output transformer 
Thordarson T-13S42 universal output transformer 
General Radio type 578-A or Thordarson T-61S26 
Galvanometer, in original apparatus characteristics were: 
Resistance, 1047 ohms 
Critical damping resistance, 7200 ohms 
Period, 2.25 seconds 
Sensitivity, 0.0272 namp./mm. 
Any galvanometer of similar characteristics might be used 


These Might Have Been Chemists. 


Lack of 11 skilled men recently held up employment of 3000 war workers, the War 
Manpower Commission has reported. A machinery company was ready to expand. 
But a local search failed to turn up the 11 specialists needed—and the company found 
that unless these key men could be brought in by other means, only 65 new persons 
could be hired instead of 3000 originally planned. 














INTRODUCTION 


C, A. Browne! 


N October 26, 1921, while searching among the un- 
published papers of John Winthrop, Jr., in the 
library of the Massachusetts Historical Society in 
Boston, the writer discovered a book list in small, much 
abbreviated writing, that bore the Latin title, ‘Libri 
chymici quos possideo.” He recognized in this list 
several titles of works that were in the Winthrop collec- 
tion of the Society Library in New York City and there- 
fore at first concluded it was a catalog of Winthrop’s 
own chemical books. But the list was not in Winthrop’s 
handwriting and it was while puzzling over this phase 
of the problem that the writer remembered having read 
in one of Dr. Robert Child’s letters to Winthrop, writ- 
ten in 1641, the mention of enclosing a catalog of his 
chemical books. A comparison of the handwriting of 
the book list with that of Child’s letters in the files of 
the Historical Society showed them to be identical. 
An additional confirmation was the references in 
Child’s correspondence to many of the books in his list. 
One of these books, Suchten’s” ‘“‘Antimonii mysteria 
gemina”’ (No. 11 on Child’s list), can still be seen in the 
Winthrop collection of the Society Library, in New 
York City, with the inscription: ‘Robt. Child, his 
booke, 1636.”’ Another book, Michael Maier’s ‘“‘Arcana 
arcanissima’’ (No. 64 on Child’s list), can be seen in the 
Edgar Fahs Smith Collection of the University of 
Pennsylvania, in Philadelphia, with the inscription on 
the title page: ‘‘Robert Child his book. 1635.” It 
was thus that the long-lost catalog of Robert Child’s 
chemical books was found. A partial transcript of 
Child’s catalog was made by the writer at the time but 
other duties interfered with its completion. Further 
work upon it was indefinitely postponed until 1938, 
when the photograph of the list and the writer’s un- 
completed transcript were given to Dr. Wilson for the 
scrutiny of his more experienced eyes. His decipher- 
ment and expansion of the list, as herewith published, 
is the result of long patient study and is an outstanding 
example of successful bibliographic research. 

The catalog of Robert Child’s chemical books has a 
double interest—first, in its indication of the nature of a 
chemical library of three centuries ago, and, secondly, 
in its associations with an eminent scientist of the early 
17th century. Professor George L. Kittredge, at the 





1 Bureau of Agricultural Chemistry and Engineering, Wash- 
ington, D. C. 

2 These facts have already been briefly mentioned by C. A. 
Browne, “Scientific Notes from the Books and Letters of John 
Winthrop, Jr.,” Isis, XI, 332 (1928). 


Robert Child’s Chemical Book List of 1641 


WILLIAM JEROME WILSON, Office of Price Administration, Washington, D. C. 
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close of his interesting biography*® of Child, remarks: 
“Few characters in our colonial annals are so multi- 
fariously interesting and none, I think, appeals more 
congenially to the modern student.”’ 

The main facts of Child’s career, as summarized from 
Professor Kittredge’s work, are the following. He was 
born in 1613 in Kent, England; in 1628 he entered 
Cambridge University, where he obtained his A.B. 
degree in 1631-32 and his A.M. degree in 1635. In 
May, 1635, he entered the University of Leyden as a 
student of medicine; he proceeded afterward to the 
University of Padua, where he obtained his M.D. de- 
gree in August, 1638. Within a year or two after his re- 
turn to England he paid a visit to the Massachusetts 
Bay Colony, during which period he became associated 
with the younger Winthrop whom he may have met 
previously in England. In a letter which Child wrote 
Winthrop in 1641 (the letter in which the catalog of his 
“chymicall books’’ was inclosed) he mentions his inten- 
tion of visiting New England again, but it was not until 
the summer of 1645 that this visit took place. Child 
had meantime invested heavily in the iron works, 
black lead mine, and other colonial enterprises which 
Winthrop was promoting, but the failure of these under- 
takings was a financial loss to him and the other in- 
vestors. 

In May, 1646, Child and six other remonstrants pre- 
sented a petition for changes in the laws of the Bay 
Colony respecting civil and religious rights—an action 
which resulted in their arrest for conspiracy. They were 
tried in June, 1647, and fined, Child’s penalty being 
“two hundred pounds and imprisonment untill it be 
payd or security given for it.” Child paid the fine 
under protest and returned in disgust to England. 
This incident and the losses incurred in colonial invest- 
ments did not affect, however, his deep friendship for 
Winthrop, which continued unbroken until his death. 

In his later letters to Winthrop in 1648 and 1650 
Child, while complaining of his treatment by the 
officials of the Bay.-Colony, does not let this mar the 
cordiality of his nature. He gives his friend the latest 
scientific news; mentions books on alchemy and occult 
philosophy by Fabre, Glauber, Helmont, Vaughan, 
Agrippa, and others; conveys rumors of reputed trans- 
mutations of base metals into gold; cites the report that 
the Messiah of Alchemy, Elias the Artist, had been 
born; and writes of his possible departure to Ireland, 





3 “Doctor Robert Child the Remonstrant,” by George Lyman 
Kittredge. Reprinted from the publications of the Colonial 
Society of Massachusetts, Vol. XXI, Cambridge, John Wilson 
and Son, The University Press, 1919. 140 pages. The section of 
this work on Alchenfy in Early New England was reviewed by 
Tenney L. Davis in Jsis, IX, 440 (1927). 
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or to a solitary retreat ‘with 6 or 7 gentlemen and 
scollars, who have resolved to live retyredly and follow 
their studyes and experiences, if these troublesome 
times molest not.’’ A short time afterward Child car- 
ried out his intention of settling in Ireland, which at 
that time was regarded as a land of promise, and there, 
after a few years’ service as an agricultural expert, this 
cultured gentleman and scholar passed away in the 
spring of 1654. 

In some respects Child might be regarded as the best 
typical illustration of a scientific man of his time. His 
interests, as reflected in Dr. Wilson’s transcription of 
his book list, covered almost the entire range of sciences 
and pseudo-sciences of the period. He was a wide 
traveler, and could count among his acquaintances 
nearly all the eminent scientists of his day. The high 
regard in which he was held is indicated in Dr. French’s 
long dedication to Child of his English translation of 
Agrippa’s “Occult philosophy”’ (London, 1651). While, 
as in the works of other scientists of this period, there 
is a strong tincture of occultism in Child’s writings, this 
tendency is overbalanced by the very practical nature 
of his views. His essay, “A large letter concerning 
the defects and remedies of English husbandry writ- 
ten to Mr. Samuel Hartlib,’’ published in ‘Samuel 
Hartlib, his legacie’”’ (London, 1651), stamps him as an 
accurate observer and very practical man of science. 

A protegé of Child during his residence in Boston was 
young George Stirk, or Starkey, who soon after his 
graduation from Harvard in 1646 equipped a laboratory 
in Boston for the pursuit of his alchemical experiments. 
In 1650 Starkey followed Child to England, where he 
shortly exhibited various alchemical manuscripts in 
Latin which he said had been written by a mysterious 
philanthropic adept under the name of Eirenaeus 
Philalethes and were given to him by a friend in New 
England. Two years after Starkey’s death from the 
plague in 1665 the most important of these manu- 
scripts, “‘Introitus apertus ad occlusum regis palatium,” 
was published in Amsterdam. A long dispute arose as 
to whether Child (the New England friend of Starkey), 
or Starkey himself, or another adept, Thomas Vaughan, 
who wrote under the name Eugenius Philalethes, was 
the author of the treatise. This interesting controversy 
(in which the name of Winthrop, another New England 
friend of Starkey, was also suggested as the author) 
has continued for over two centuries. It is described in 
detail by Professor Kittredge, whose own opinion, as 
expressed at the conclusion of his work on Child (p. 
146), is as follows: 

“As a matter of fact, as I hope to prove when time 
serves, Eirenaeus Philalethes was the creation of George 
Stirk’s teeming brain and not too scrupulous conscience, 
and the works ascribed to him, so far as they ever 
existed, were of Stirk’s own composition.”’ 

It is to be regretted that Professor Kittredge, before 
his death on July 23, 1941, did not publish the final 
proof of this assertion and thus put an end to the long- 
circulated statement that the alchemical manuscripts, 
supposedly acquired by Starkey in Boston, were com- 
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posed by Dr. Robert Child. Even after excluding the 
supposition of Child being the author of these docu- 
ments the possibility remains that this generous devotee 
of science may have given his admirer Starkey certain 
manuscripts about which the latter afterward spun 
romantic tales concerning the adept who wrote them; 
and what could be more natural than that, in delineat- 
ing the character and experiences of this imaginary cos- 
mopolite, he should have had before him the image of 
his honored patron, Dr. Child? The latter, as we know 
from items 16 and 35 of his book list, was a collector of 
manuscripts as well as of books. It will be seen that 
Dr. Robert Child is not only an actual historic figure 
but also something of a legend. 

The students of alchemical literature, who have 
puzzled over some of the problems that have been re- 
ferred to, will have an especial interest in reading Dr. 
Wilson’s scholarly transcript of the catalog of the 
“libri chymici’’ that once belonged to that humane and 
most interesting figure in early seventeenth century 
science—Doctor Robert Child the Remonstrant. 


TRANSCRIPT AND BIBLIOGRAPHICAL EXPANSION 
OF THE LIST 


As may be seen in the facsimile, the original entries in 
this list are highly condensed, giving usually little more 
than the last name of the author and a catch-title, with 
sometimes the size of the volume. Fortunately there is 
also a grouping by language, although even in this some 
errors occur. ; 

Not a little of the medieval scribal system of abbrevi- 
ations and contractions persists in this list of the year 
1641. It is the modern editorial practice, when ex- 
panding these to the full spelling, to print the supplied 
letters within curves. Library practice, on the other 
hand, puts all supplied words in a bibliographical entry 
into square brackets. In the expansions here offered, 
however, it has seemed best to use square brackets for 
any kind of addition to the original entry, whether of 
letters within a word or of bibliographical data not 
given by Child. This leaves the curved marks of paren- 
thesis for explanatory comments by the editor. 

The expanded entries take three main forms. In the 
great majority of instances, the author’s name stands 
first, separated by a comma from the italicized title. In 
a considerable number of entries in Latin, the author’s 
name is in the genitive case, usually before but some- 
times after the title, which is not then set off by com- 
mas. Finally, in a few difficult cases it seems easier to 
give first a mere transcript of what is found in the list, 
and to add in curves the full nanie, title, and imprint. 

For the most part, it is hardly necessary to say, these 
books have been described at second hand, on the basis 
of information given in such standard works as Fergu- 
son’s ‘‘Bibliotheca chemica,’’ Gmelin’s ‘Geschichte der 
Chemie,’ Lenglet Dufresnoy’s ‘‘Histoire de la philo- 
sophie hermétique,’’ and the printed catalogs of the 
British Museum and the Bibliothéque Nationale, 
supplemented often by Schmieder, Kopp, Bolton, 
Caillet, Poggendorff, and others. 
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Out of a total of 112 entries, 84 have been identified 
with fair certainty, 11 defy identification (including 
Nos. 16 and 35, which are designated as manuscripts 
and so could not be identified anyway), and 17 are 
doubtful for one reason or another. Among the doubt- 
ful cases there are a few (Nos. 5, 13, 78, 96, and 98) 
that may be said to contribute in a somewhat vague 
way to our bibliographical knowledge. That is to say, 
they suggest the existence of certain early editions that 
seem today to have disappeared completely. Items 
which are mentioned in the correspondence of Child 
and Winthrop have been starred in the index which 
follows the list. 


to appear from an American press, the editor, Dr. 
George Sarton, explained the situation and extended to 
all contributors to No. 86 the permission to publish their 
articles elsewhere if they so desired. With a full under- 
standing of the circumstances, the JOURNAL OF CHEMI- 
CAL EDUCATION publishes the list. 

Meanwhile Dr. Browne, who first called attention to 
the list and who has written the introduction to the 
article, learned that Dr. Harold S. Jantz, of Princeton 
University, had independently done a good deal of work 
on the problem, and had made a particular search for 
Winthrop books in the Society Library in New York 
(referred to hereafter as NYSL), the New York Acad- 











FACSIMILE OF A PORTION OF ROBERT CHILD’S CHEMICAL Book LIST 


Publication of this book list was originally arranged 
for in 1940 in No. 86 of Isis, which was expected to be 
the last number of that periodical to appear from the 
St. Catherine Press. Page proofs were received in May 
of that year, were sent to Belgium, but came back in 
December by way of Siberia, unopened, the envelope 
marked ‘‘Maison Fermée.” In the first number of Jszs 


emy of Medicine (NYAM), and the Massachusetts 


Historical Society Library (MHS). Dr. Jantz has 
generously made his observations available to us, and a 
considerable number of these are included in the notes 
appended to the titles. Further suggestions or cor- 
rections from interested scholars will be gratefully re- 
ceived. 
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LIBRI CHYMICI QUOS POSSIDEO SU[N]T: 


Germanici 


1. [Salomon Trissmosin], Aureu[m] vellus, [oder, Gildin 
Schatz und Kunstkammer, Rorschach am Bodensee, 
1598 (but most copies of this ed. seem to be dated 
1599) ], 4°. (Also: Basel, 1604.) 

2. [Benedictus Figulus], Rosariu[m] nov[um olympicum et 
benedictum; das ist: Ein newer gebenedeyter philoso- 
phischer Rosengart, Basel, the author, 1608], 4°. 

3. [Basilius Valentinus], Triu[m]phwagen 6* (= anti- 
monit), (Leipzig, Friederich Lankisch, 1624], 8°. (Dr. 
Jantz has noted a copy at NYSL, with the note (by 
Child?): ‘Emi Antwerpiae 1642.’’) 

4. [Philipp Morgenstern], Turba ph[ilosophjor(um; das ist, 
Das Buch von der gitildenen Kunst, Basel, Ludwig 
Konig, 1613], 8°. 

5. Gab gotts,8°. (Probably a separate ed. of Samuel Baruch, 
Donum Dei, which was published as vol. II of Abraham 
Eleazar, Uraltes chymisches Werk, Erfurt, Augustinus 
Crusius, 1735; Leipzig, Lankisch, 1760, 8°. The 
bibliographies, however, know nothing of a separate 
early edition.) 

6. Opuscula chymica (read chemica), [das ist, Von dem ge- 
benedeiten Stein der Weisen, dess...philosophi Herrn 
Bernhardi Graffen von der Marck und Tervis chemische 
Schriften, edited by Joachim Tancke, Leipzig, J. 
Rosen, 1605], 8°. 

[Joachim Tancke], Promptuariu[m al|chy|miae, das ist: 
etliche ausserlesene philosophische Schrifften und 
Tractétlein, Leipzig, Henning Gross der altere, 1610], 
8°. (Later eds., 1612, 1614, 1619. See also No. [10] 
below.) 

8. Ph[ilosoph Jia chymica, 8° (?? = Gerhard Dorn, Schliissel 
der chimistischen Philosophy, Strassburg, Lazarus 
Zetzner, 1602, 8°). 

[Franz Kieser], Cabala [chymica]. Co[n]cordantia 
chy[mjica. [Azot philosoph. solificatum. Drey...zuvor 
nie aussgegangene Tractadtlein, Mihlhausen, Martin 
Spiess, 1606], 8°. 

8 {read 10]. [Joachim Tancke], Promptuar[ium], plar]s 
alt{era], 8° (= Promptuarium alchemiae ander Buch, 
Leipzig, Henning Gross, 1614, 8°. See No. 7 above.) 

9 [read 11]. Suchtenii de 6° (= Alexander von Suchten, 
Antimonii mysteria gemina. Das ist: Von den grossen 
Geheimnussen dess Antimonii, Leipzig, Jacob Apel, 1604, 
8°; Nuremberg, widow and heirs of Paul Fiirst, un- 
dated, 8°. In NYSL, No. 240, is a copy of the 1604 
ed. with the autograph: ‘“‘Rob Child his booke 1636.’’) 

12. Arca aplerjta John de Mehung, 16°. (?? = Arti- 
ficiosissimi arcani aperta arca, Frankfurt, 1617, 8°; 
stated by Lenglet Dufresnoy to be in German, and 
undoubtedly one of the numerous forms of the anony- 
mously published tract of Johann Grasshoff, Der 
kleine Bauer; but the size is wrong, and there is no 
connection with the name of Jean de Meung. Dr. 
Jantz is inclined to read ‘‘Jesire’’ rather than ‘‘John 
de” and suggests that the book may possibly be the 

Wassersteyn der Weysen, Frankfurt, 1619, to which 
are appended two tracts: (1) ‘Johan von Mesung,” 
and (2) “Via veritas der einigen warheit.’’ Of this 
there is a copy (Winthrop’s?) at the NYAM. Ina 
letter to Winthrop in 1641 Child remarks that he is 
sending by ship the “Arca ap[er]ta in High Dutch, 
w[hi]ch I desire you to keep.” But in 1650 he again 
wrote to Winthrop: “If you have my Arca Aperta 


N 


_ 


let me know, for I can not find it.’’) 

13. Practica] @* (= solis) R[oger]i Baconis, 8°. (Not 
identified as a separate publication; doubtless Die 
Practick oder Process Rogeri Baconis de sole; for edi- 
tions in certain alchemical collections cf. Ferguson, 
I, p. 64, the earliest being in Joachim Tancke, Promp- 
tuarium alchemiae, Leipzig, 1614.) 





15. 


Italici 
(16]. 
[17]. 
[18]. 


[19]. 


[20] 
(21). 


[22]. 


Gallici 
[23]. 


[24]. 


[25]. 


[26]. 


[27]. 
[28]. 


[29]. 


[30]. 


[31]. 


[32]. 


[33]. 
(34). 


Anglici 
[35]. 
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Richard [i] Anglici [Correctorium alchymiae; Raimundi] 
Lulli [A pertorium et accuratio vegetabilium; Des Kénigs 
Gebers auss Hispanien Secretum, Strassburg, Bernhart 
Jobin, 1581 and 1596], 8°. 


Secreta ph{ilosophjicali[a], 8°. (Not identified.) 


M: S: II (= manuscripta duo ?), 4°. 

Il mondo magico, 4°. (Not identified.) 

Ingan[n]i d’Alchymisti, 4° (? = Evangelista Quattrami, 
La vera dichiaratione, Rome, Vincentio Accolti, 1587, 
4°; the running title is Dichiaratione dell’ inganno delli 
alchymisti moderni). 

[Giovanni Battista] Nazari, De transmut{atione, Brescia, 
Pietro Maria Marchetti, 1599], 4°. (Earlier editions, 
according to Ferguson, II, p. 131, had a different title.) 

Thornei (?), De sublimat{ione], 4°. (Not identified.) 

[Oliverus de] Oliver[iis], De @ (= auro) pot[abili]. 
[Dellaplide] phlilosophlor(um]. (Ferguson, II, p. 154, 
reports a defective copy in Latin, having the two titles 
in the reverse order, with the place and date torn away, 
but the dedication dated at Mantua, 1620. The work 
appears, again in Latin, in the Ginaeceum chimicum, 
1679, p. 415. It seems uncertain whether Child had 
an early edition in Italian or merely placed a copy of 
the 1620 ed. under his ‘‘Italici’’ because it was written 
and published in Italy.) 

[Giovanni] Braceschi, Exposit{ione di] Geber [philosopho, 
Venice, G. Giolito, 1544, 8°]. 


[Nicolas] Flamell, Alph[abet] d[e] chym[ie], 4°. (This 
may be a paraphrase of the title Figures hierogly- 
phiques, although no separate edition seems to be 
recorded. It is understood to have been first pub- 
lished as the second item in P. Arnaud, Trois traictez, 
Paris, Guillaume Mariotte, 1612, 4°.) 

Cham. Plan (= David de Planis Campy), [L’ouverture 
de I’ \eschole (de philosophie] tra[n]sm[u]t{atoire metal- 
lique, Paris, Charles Sevestre, 1633, 8°]. 

[David de Planis Campy], Bo[u]quet chymigq[ue, Paris, 
Pierre Billaine, 1629, 12°]. 

[Joseph] Quercetan[us] (7. e., Duchesne), P[rlep[ar| 
atlion] chymig{ue] (? ? = Traicté...de l’exacte prépa- 
ration spagyrique des médicamens, Paris, 1638, 8°). 

[Salomon Trissmosin], Toyson d’or, [Paris, Charles 
Sevestre, 1612, 8°]. 

[Jacques de] Nuisem[en]t, Tra[i]tté du [vray] sel [secret 
des philosophes et de l’esprit general du monde, Paris, 
Perier, 1620, 8°]. 

Ffabri Abregé (= Pierre Jean Fabre, Abrégé des secrets 
chymiques, Paris, P. Billaine, 1636, 8°. Apparently 
repeated as No. 56 below, in the list of “Latini.”” In 
his letter of 1641 Child speaks of sending his own copy 
of this work to Winthrop as a loan.) 

Tratte des explerjiences. (Not identified.) 

[René de la Chatre], Prototype [ou trés parfait et ana- 
logique exemplaire de l'art) chymigq (ue, (read chimicque,) 
Paris, 1620 and 1635, 8°]. 

[Michael Sendivogius], Cosmopolite [ou Nouvelle lumiere 
de la phisique naturelle. ..traduit nouvellement de latin 
en frangois par le Sieur De Bosnay, Paris, Pierre Bil- 
laine, 1618, 8°; also 1628, 1629]. 

[Francois Du Soucy], Som[m]aire della (read de Ia) 
med |icine] chymigq({ue, Paris, Pierre Billaine, 1632, 8°]. 

[Traité des observations nouvelles et vraye cognoissance| 
des eaux minerales, [par Henri de] Rochas, [Paris, 
1634 and 1636, 8°]. (The letter of 1641 mentions 
‘Rochas des Eaus Minerals.’’) 


[George] Ripley, [The compound of alchymy.. .divided 











[4 


[4: 


[4 


[47 


[48 


[49 
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[36]. 


(37]. 


into] twelve gates, MS. (An ed. was published at 
London, 1591.) 

6 all Cup. Primrose (= The antimoniall cup twice cast.... 
Written by Jacobus Primerosius, tr. by R. Wittie, 
London, B. A[lsop], and T. Fawcit, 12°). 

{Iohn Baptista Lambye], Revelation [of the] secret spirit, 
|declaring the most concealed secret of alchymie. Written 
jirst in Latin by an unknown author, but explained in 
Italian.... Lately translated into English by R. N. E., 
London, Iohn Haviland for Henry Skelton, 1623, 16°]. 
(For the underlying Italian, cf. Lenglet Dufresnoy, 
III, p. 80: G. B. Agnelli, Espositione sopra un libro 
intitulato Apocalypsis spiritus secreti, London, 1565. 
Dr. Jantz reports a copy (Winthrop’s?) at MHS.) 

(Gabriel] Plat[te]s, Hiden treasure (= Discoverie of 
infinite treasure, hidden from the world’s beginning in the 
way of husbandry, London, 1636, 4°; a later ed. varies 
the title slightly: Discovery of infinite treasure hidden 
since the worlds beginning, whereunto all men are friendly 
invited to be sharers with the discoverer G. P., London, 
printed for J. E....sold by H. Moseley, 1639, 4°; 
also another ed., 1639, 4°, J. L[egatt], sold by G. 
Hutton). 

[Edward Jorden, A discourse] of [naturall] bathes {and 
minerall waters. . especially of our bathes at Bathe in 
Somersetshire, London, T. Harper, 1631, 4°; later 
eds., 1632, 1633, etc. ]. 

[John] Cotta, Contra [Antonium; or, an Ant-Antony: 
or, an Ant-Apology manifesting Doctor] Antony [his 
Apologie for aurum potabile...to be false and counter- 
fait, Oxford, J. Lichfield and J. S[hort], for H. Cripps, 
1623, 4°]. 


[Georg] Agricola, De re metall{ica, Basel, H. Frobenius 
and N. Episcopius, 1556, 1561, 1621, etc.], Fol. 1. 
[Georg Agricola], De ortu [et causis] subterraneor{um. .. 
Interpretatio germanica] uoc{um rei metallicae, Basel, 
H. Frobenius and N. Episcopius, 1546, also 1555 and 
1558], Fol. 1. (The ed. published at Wittenberg, 

Z. Schurerus, 1612, is 8°, not folio.) 

{Ioannis Danielis] Mylii [Opus medico-chymicum con- 
tinens tres tractatus siue basilicas, quorum prior in- 
scribitur] Basilica medica, [secundus Basilica] ph{ilo- 
sophjica (read chymica), [tertius Basilica] chymica 
(read philosophica), Frankfurt, Luca Jennis, 1618], 4°. 
(Dr. Jantz notes a copy (Winthrop’s?) at NYAM, 
but of the second part only, Frankfurt, Luca Iennis, 
1620.) 

[Johann Daniel Mylius], Ph{ilosoph Jia reformata, [Frank- 
furt, 1622, 4°; also 1638]. 

[Johann Daniel Mylius], Anatomia @* (= solis; read 
auri) [sive Tyrocinium medico-chymicum, Frankfurt, 
1628, 4°]. 

[Andreae] Libavii Alchymia docimasima (?), 4°. (The 
last word is not recognizable in the full title of any of 
the various works of Libavius, published from 1595 to 
1607, although in many of them ‘‘alchemia” or “‘al- 
chymia’”’ is the leading word. Dr. Jantz suggests 
that the baffling word may possibly represent ‘‘doki- 
masia,’’ the Greek word for ‘‘experiment.’’) 

Eplisto]l[a]e, vol{[umina] 2° (= duo), 8°. (No two- 
volume collection of epistles has been noted in the 
literature.) 

Not{aje in Raym[undum Lullium], 4° (?? = Ewald 
Vogel, De lapidis physici conditionibus liber, quo 
duorum abditissimorum auctorum Gebri et Raimundi 
Lullit methodica continetur explicatio, Cologne, Henricus 
Falckenburg, 1595, 8°.) 

[Claudius] Galen{us De] temp[eramentis, Paris, R. 
Charterius, 1629], 4°. (Other editions do not seem 
to be in 4°.) 
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Panacea Antigra{mania], 8° (= Andreas Libavius, 
Antigramania secunda, Frankfurt, 1595, 8°; or possibly 
some other of the works published by Libavius in 
1594-96 against the Panacea set forth by G. Anwald 
and supported by J. Gramann; cf. Gmelin, Geschichte 
der Chemie, I, p. 345). 

Not{ale libavian[a]e, 8°. (The most probable identi- 
fication here seems to be: Andreas Libavius, Com- 
mentationum metallicarum libri quatuor, Frankfurt, 
1597, although the size is 4°, not 8°.) 

[Andreas] Liba[vius], Simgularia, [in 4 parts, Frankfurt, 
1599-1601], 8°. (Dr. Jantz reports a copy (Win- 
throp’s?) at NYAM, but only the fourth part, 1601.) 

[Petri Joannis] Ffabri Myrotheciu(m spagyricum, Tou- 
louse, P. Bosc, 1628, 8°]. 

[Pierre Jean Fabre, Insignes] curatliones variorum mor- 
borum, Toulouse, 1626; Strasburg, 1632], 8° 

{Pierre Jean Fabre], Palladiu[m spagyricum, Toulouse, 
P. Bosc, 1624, 8°; Strasburg, 1632, 8°]. 

{Pierre Jean Fabre], Abrégé des secrets (chimiques, Paris, 
P. Billaine, 1636, 8°]. (This is in French, not in 
Latin, and duplicates No. 29 above. In his letter of 
1641 Child writes to Winthrop: ‘I found two peeces 
of Faber, viz., Alchymista Xanus et Hercules Chymicus; 
but because you haue not seene them, and according 
to my judgment they are bookes of noe great value, 
I bought them not, but will send you them with his 
Abregé des Secrets to peruse, from myne owne library. 
...1 intend, if I haue leysure, to goe to Burdeau, 
from thence to Tholouse, to salute Faber.’’ Another 
letter from Child to Winthrop, of 1643, remarks: 
‘“‘Well, if our iron busines goe on, all is well. I cannot 
further trouble my selfe at this time, but because I 
promised to tell you further concerning it, read in 
breife Abregé des Secrets Fabri; it will give you your 
desire, but his preparacions are too laborious for any 
man breathing.’’) 

[Pierre Jean Fabre], Hercules [Pio-|]Chymicus, [Toulouse, 
P. Bosc, 1634]. 

[Pierre Jean Fabre], Alchymista xanus (= christianus), 
[Toulouse, P. Bosc, 1632, 8°]. 

Hartma[nn] im Croll[fium] (= Oswaldus Crollius, 
Basilica chymica...aucta a Joanne Hartmann, Leipzig, 
G. Grossius, 1634, 4°; Geneva, 1630, 1635, 1638, etc. 
The 1635 ed. is 8°, by P. Chouet). 

[Johann] Hartma[nn], Praxis [chymiatrica, Leipzig 
G. Grossius, 1633, 4°; Frankfurt, 1634; Geneva, J. 
de Tournes and J. de La Pierre, 1635, etc.]. 

Disputat{iones] eiusde[m] (= Johann Hartmann, Dis- 
putaticnes chymico-medicae quatuordecim, Marburg, P. 
Egenolphus, 1611 and 1614, 4°). 

[William] Davi[s]son, [Philosophia pyrotechnica, sive 
curriculus] chymia[tricus, 1633-35, and _ often]. 
(This may be referred to in the letter of 1641 as ‘‘Dr. 
Dauison’s workes.’’) 

[Petri] Severini Idea [medicinae philosophicae, Basel, 
Adrianus Vlacq, 1571, 4°; Erfurt, 1616, 8°]. 

[Michaelis] Mayeri [Arcana arcanissima, hoc est,| 
Hyero(gly|phy(ca aegyptio-graeca, London, 1614, 4°]. 
(The British Museum Catalogue gives the place as: 
[Oppenheim ?]. Not in Pollard and Redgrave. Dr. 
Jantz observes that a copy (Winthrop’s ?) at MHS 
has an engraved title page without place or date.) 

[Michael Maier], Septimana phl{ilosoph|ica, [Frankfurt, 
Luca Jennis, 1620, 4°]. 


*[Michael Maier], De physico circulo (read circulo physico) 


quadrato, [Oppenheim, Luca Jennis, 1616, 4°]. (Dr. 
Jantz reports a copy (Winthrop’s ?) at NYAM.) 
[Michael Maier], Examen [fucorum] pseudochymicor(um, 
Frankfurt, T. de Brii, 1617, 4°]. 
[Hieronimi] Rubei Liber de distillat{ione, Ravenna, 1582, 
8°; Basel, 1585, 8°: Venice, 1604, 4°]. 





[Jacobus] Caranta, [Decadum metaphysicarum liber 
primus] de [natura] @° (= solis; read auri) [arte facti, 
Seville, Christophorus Strabella, 1623, 4°]. 

[Alexandri] Carerii Disput{atio] (read dissertatio) [an 
possint arte simplicia veraque metalla gigni, Padua, 
1579, 4°; Basel, 1582, 8°]. 

[Joannis Augustini] Panthei |Voarchadumia contra] al- 
chymia|m, Venice, 1530, 4°]. (It is possible, however, 
that the author’s earlier work is meant: Ars trans- 
mutationis metallicae, Venice, Joannes Tacuinus, 1518, 
4°. The two, somewhat revised, appeared together: 
Ars et theoria transmutationis metallicae cum Voarcha- 
dumia, Paris, Vivantius Gautherotius, 1550, 8°. 
Other editions appeared before 1600.) 

Abraha[m e Porta Leonis], De @° (= sole; read auro) 
[dialogi tres, Venice, 1514, 4°; Venice, J. B. a Porta, 
1584, 4°; 1586]. 

[Jani] Lacinii Collectanea [chimica cum Margarita novella 
pretiosa Petri Boni, Basel, no date, 8°]. (It is possible 
that the next item, No. 74, is really a part of No. 73, 
but it is not indented in the list and seems on the 
whole more likely to be meant as a separate entry. 
The two are in any case essentially the same work.) 

[Petrus Bonus], Margarita p[r]etiosa [novella, Nurem- 
berg, 1554, 8°; Basel, 1572, 4°; Montbéliard, Jacobus 
Foillet, 1602, 8°; Strassburg, 1608, 8°]. (The first 
ed. varied the title slightly: Pretiosa margarita nouella 
de thesauro ac pretiosissimo philosophorum lapide, 
artis hujus divinae typus et methodus, collectanea ex 
Arnaldo, Rhaymundo, Rhasi, Alberto, et Michaele 
Scoto, Venice, apud Aldi filios, 1546, 8°.) 

Rulandi Disputat|iones] (= Martin Ruland the elder, 
Progymnasmata alchemiae, sive problemata chymica, 
nonaginta et una quaestionibus dilucidata, Frankfurt, 
Palthenius, 1607, 8°]. 

Promachomachia {iatrochymica Francisci] Pruschi (read 
Bruschii), [Mantua, A. and L. Osanna, 1623, fol. ]. 
(Gmelin, I, p. 571, note h, gives the place as Marburg.) 

Theatrum chemicum, (Strassburg, Zetzner, 1613], 5 
vols. (The fifth volume was not added until 1622.) 

Ffallop. De ag. miner. (? ? = Gabriel Falloppius, Libri 
tres de secretis, 4°. For this Latin ed. no place or date 
is given, but the original Italian seems to have ap- 
peared in 1566, followed by French, German, and 
English translations down to 1641. The Latin is 
recorded by Lenglet Dufresnoy, III, p. 161. Child’s 
entry might possibly be based on the title of book II 
{in German]; ‘‘Von allerhand Weinen und gebrandten 
Wassern,” but it seems more likely that there was a 
separate publication.). 

[Antonii] Guntheri [Observationes et] paradoxa [de usu 
et praeparatione medicamentorum chimicorum, Leyden, 
1631, 4°]. 

[Georgii] Phaedronis [Opuscula iatro-|chemica {quatuor, 
ed. J. A. Schenck, Frankfurt, A. Hummius, 1611, 8°]. 
Volu[mina] 2° (= duo) Alchymiale quam vocant artisque 
metallicae doctrina], 8°, Basilfeae, Petrus Perna, 
1572]. (This was apparently the partial reprint of 
G. Gratarolo, Verae alchemiae, Basel, Petrus Perna, 

1561, fol.) 

[Andreas] Cesalpinus, De metallicis, [Rome, A. Zan- 
netti, 1596, 4°; Nuremberg, C. Agricola, 1602, 4°]. 
(Child, in a letter to Winthrop in 1644-45, says of 
Cesalpine: ‘‘Indeed he was but a speculative man, 
p[ro]fessour in Rome, whose authority I little regard.’’) 

[Michael] Potier, Apologia [conira alchymistam impos- 
torem, Frankfurt, the author, 1630 and 1631, 4°]. 

[Michael Potier], Veredarius [hermetico-philosophicus, 
Frankfurt, Daniel and David Aubrius and Clemens 
Schleichius, 1622, 8°]. 

[Johannis Nicolai] Ffurichii Carmina (= Libelli car- 
minum tres), (Strassburg, J. Andreas, 1622, 8°]. 
(These poems, however, are not indicated as al- 
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chemical, but are grouped as ‘‘epigrammata,” ‘‘ana- 
grammata,’ and ‘‘carmina ad vitam pertinentia.”’ 
The author’s alchemical poems are found in two 
editions: De lapide philosophico, seu Chryseidos libri 4, 
cum ejusdem annotationibus, no place, 1622, 8°; and: 
... Chryseidos libri IIIT, sive poéma de lapide philoso- 
phorum, adjunctis poématibus nonnullis aliis, Strass- 
burg, E. Walperus, 1631, 4°.) 

Nihil, aliq[uijd, o{mn]e. (Not identified.) (As Dr. 
Jantz suggests, these words may not be a separate 
title. They may be acomment on the foregoing, or 
possibly a quotation from it.) 

Tetras chymiat{rica Arnoldi] Kerneri, [Erfurt, Johannes 
Rohbock, 1618, 8°]. 

[Carolus] Wittestein, [Disceptatio philosophica] de 5 
(read quinta) [chymicorum] ess{entia, Basel, Sebasti- 
anus Henricpetri, 1583 (?), 8°]. 

Evonymus (= Conrad Gesner, Thesaurus Evonymi 
Philiatri de remediis secretis, Zurich, Andreas Gesner 
and R. Wyssenbachius, 1552, 8°; and often). 

Augurelli Carmina (= Giovanni Aurelio Augurello, 
Chrysopoeiae libri tres et Geronticon liber, Basel, Joannes 
Frobenius, 1518, 4°; Antwerp, C. Plantinus, 1582, 
8°; Geneva, 1639, 8°. The editions of his Carmina, 
Verona, 1491, 4°, and Venice, Aldus, 1505, are said 
not to contain these alchemical poems, Chrysopoeia 
and Gerontica). 

Geber, vol[umina] 2° (= duo), Ro[ma], Argent |[orati]. 
(Since there is apparently no two-volume edition of the 
works ascribed to Geber, probably the present entry 
refers to two different copies, one the undated in- 
cunable ed. by Marcellus Silber, Rome, 8°; the other 
some one of the numerous Strasburg editions from 
1528 to 1598.) 

[Joannis] Beguini Tyrocinium [chymicum, no place, 
1610, 8°; Cologne, Antonius Boetzerus, 1611, 12°; 
and often]. 

[Francisci] Antonii Apolvgia [veritatis illucescentis pro 
auro potabili seu essentia auri ad medicinalem potabili- 
tatem reducti, London, Johannes Legatt, 1616, 4°]. 

[Johannis Baptistae] Gro[ss]schedelii Proteus [mer- 
curialis] chym{icus] (read geminus), [Frankfurt, Lucca 
Jennis, 1629, 8°]. 

[Gerardi] Dornei |interpretis Con)geries paracels[icae 
chemiae de transmutationibus metallorum, Frankfurt, 
Andreas Wechelus, 1581, 8°]. (Dr. Jantz has found 
(Winthrop’s ?) copy at NYSL.) 

[Guy ?] Dela Brosse, [Tractatulus accuratissimus de 
compositione sulphuris et menstrui vegetabilis seu auro 
potabili. .. Magnati cuidam anno 1545 per celeberrimum 
medicum et philosophum gallum Dela Brosse dedicatus}. 
(Apparently now known only as printed in the Thea- 
trum chemicum, VI, 1661, p. 288, but a separate 
edition must have been in Child’s possession. On 
the problem of the authorship, cf. Ferguson, II, p. 2. 
To be sure, the letter of 1641 saysexplicitly: ‘‘ ‘Della 
Brosse’ at this time is not in my hands. I count it an 
excellent booke, and haue sent to Fraunce for it.” 
Child doubtless considered it already as his own, and 
so put it in the list. Dr. Jantz acutely observes 
that the cross before this title and the corresponding 
cross in the first column beside the ‘‘Gallici’? may 
mean that this was a French edition and that Child 
meant to indicate its transfer to the French list.) 

[Joannis] Chrisypi (read Chrysippi) [Faniani Liber de 
metamorphosi metallica, et an sit, Basel, 1560, 4°, and 
1576, 8°; Paris, 1560, 4°; Montbéliard, 1602, 8°]. 
(It is possible that the author’s other work [or works] is 
meant: De artis alchimiae veterum authorum et praeser- 
tim jurisconsultorum judicia et responsa ad quaestionem, 
an alchimia sit legitima, Basel, 1576, 8°; De arte 
metallica et jure alchimiae, Basel, no date, 8°; De arte 
metallicae metamorphoseos..., Paris, G. Guillard, 
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1560, 4°; Basel, 1576, 8°. Some of these titles may 
represent one and the same work.) 

Animadovlersiones | de alchym[ia]. (Presumably a separate 
edition of the anonymous treatise now known in the 
Theatrum chemicum, V, 1660, pp. 821-33, under the 
title: Animadversiones chimicae quatuor.) 

[Christopher] Horn, [Dialogus] de @° (= sole; read 
auro) ([medico philosophorum, Frankfurt, Conr. Bifrid, 
1615, 8°]. 

[Johann Obendorffer], Demons{tratio] (read Apologia) 
chy|mico-medica practica. ..] in (read adversus) [illiber- 
ales Martini] Rula[ndi person. medici calumnias, 
Amberg, Forster, 1610, 4°]. 

{Henrici] Nolli Systema [medicinae] hermet|icae generale, 
Frankfurt, Palthenius, 1613, 8°]. (Dr. Jantz has seen 
at the NYAM a finely bound copy with the autograph 
of Nollius and Winthrop’s note on this.) 

Iatrochy|mia] luis venere. (Not identified. I owe the 
reading of the third word to the keen eye of Dr. Jantz.) 

[Cornelius] Drebbel, De elementis (= De natura ele- 
mentorum, Hamburg, 1621, 8°; Frankfurt, Gaspar 
Rotellus, 1628, 8°: Geneva, 1628, 8°; Lyons, J. de 
Tournes, 1628, 12°). 

Harmonia chymic. (Though the correspondence of 
titles is not perfect, this is probably a work mentioned 
in Child’s letter of 1641 as “in fol. of 20° price”: 
Francesco Giorgio, De harmonia mundi totius cantica 
tria, Venice, 1525, fol. On the other hand, Condees- 
yanus, Harmonia inperscrutabilis chymico-philosophica, 
1625, and L’Agneau, Harmonia seu consensus philoso- 
phorum chimicorum, 1601 and 1611, are not in folio.) 

Spagyrica pharm. Potyeri (= Pierre Potier, Pharma- 
copoea spagyrica, nova et inaudita, Bologna, 1622, 8°. 
Dr. Jantz has seen Winthrop’s copy at NYAM, with 
a ms. note that John Sherley borrowed the book.). 

[Jacobi] Zuingeri Exam[en] chymicor[um] (read Princi- 
piorum chymicorum examen), [Basel, Sebastianus 
Henricpetri, 1606, 8°]. 

Rog[er]+ Bacon, Chymica (= Sanioris medicinae... 
de arte chymiae scripta, Frankfurt, Joannes Theobaldus 
Schénwetterus, 1603, 12°; reprinted 1612, 1620). 

[Thomas] Mouffet, Chymia (= De jure et praestantia 
chymicorum medicamentorum dialogus apologeticus, 
Frankfurt, heirs of Andreas Wechelus, 1584, 8°). 

Zynesii (read Synesii) et Democriti Chymia (= Synesius, 
in Democritum Abderitam, De arte sacra, seu De rebus 
naturalibus et mysticis, commentarius latine versus a 
Dominico Pisimentio, Padua, 1572-73, 8°; also 
Cologne, 1574, 16°; Frankfurt, 1592, 1613, etc.]. 

Furnelli chymici, 4°. (Not identified. The Furni novi 
philosophici of Glauber, Amsterdam, 1651, is a few 
years too late. Dr. Jantz is inclined to read ‘‘Bor- 
nellii.’’) 

[Danielis] Zenerti (read Sennerti) OpferJa o[mn]i[a] 
plar]ti{m] chymica, [Paris, 1633, fol.; Venice, 1641 
fol.; and: often]. 

Rhena. 4° (? = Johann Rheinland, known commonly 
as Rhenanus, Aureus tractatus latine datus solis e 


[98]. 


[99]. 


[100]. 


[101]. 


[102]. 


[103]. 


[104]. 


129 


buteo emergentis, Frankfurt, A. Hummius, 1613, 4°; 
also 1623. His Opera chimiatrica, Frankfurt, C 
Eifridus, 1635, is 8°, not 4°.) 


INDEX OF AUTHORS AND EDITORS MENTIONED IN THE 
EXPANDED LIST 


Abraham Eleazar, 5 

Abraham e Porta Leonis, 72 

Agnelli (G. B.), 37 

Agricola (Georg), 41, 42 

Anthony (Francis), 93 

Anwald (G.), 50 

Arnaud (Pierre), 23 

Augurello (Giovanni Aurelio), 
90 

Bacon (Roger), 13, 107 

Baruch (Samuel), 5 

Basilius Valentinus, 3 

Beguin (Jean), 92 

Bernard, Graf von der Mark 
und Tervis, 6 

Bonus (Petrus), 74 

Bornellus (??), 110 

Braceschi (Giovanni), 22 

Bruschius (Franciscus), 76 

Caranta (Jacobus), 69 

Carerius (Alexander), 70 

Cesalpinus (Andreas), 82* 

Chatre (René de la), 31 

Cotta (John), 40 

Croll (Oswald), 59 

Davisson (William), 62* 

Dela Brosse (Guy ?), 96* 

Democritus Abderita, 109 

Dorn (Gerhard), 8, 95 

Drebbel (Cornelis), 103 

Duchesne (Joseph), 26 

Du Soucy (Frangois), 33 

Eleazar (Abraham), 5 

Fabre (Pierre Jean), 29,* 53-8* 

Falloppius (Gabriel), 78 

Fanianus (Joannes Chrysip- 
pus), 97 

Figulus (Benedictus), 2 

Flamell (Nicolas), 23 

Furichius (Johannes Nicolas), 
85 

Galenus (Claudius), 49 

Geber, 14, 48, 91 

Gesner (Conrad), 89 

Giorgio (Francesco), 104* 

Gramann (J.), 50 

Gratarolo (Guglielmo), 81 

Grossschedel (Johann Baptist), 
94 


* Mentioned 
Winthrop. 





Bleaching Photographs with Chlorine 


Guntherus (Antonius), 79 
Hartmann (Johann), 59-61 
Horn (Christopher), 99 
Jorden (Edward), 39 
Kerner (Arnold), 87 
Kieser (Franz), 9 
La Brosse (Guy[?] de), 96* 
La Chatre (René de), 31 
Lacinius (Janus), 73 
Lambye (Iohn Baptista), 37 
Libavius (Andreas), 46, 50-2 
Lullius (Raimundus), 14, 48 
Maier (Michael), 64-7 
Mehung (Jean de), 12* 
Morgenstern (Philipp), 4 
Mouffet (Thomas), 108 
Mylius (Ioannes Daniel), 43-5 
Nazari (Giovanni Battista), 19 
Nollius (Henricus), 101 
Nuisement (Jacques), 28 
Obendorffer (Johann), 100 
Oliveriis (Oliverus de), 21 
Pantheus (Joannes Augusti- 
nus), 71 
Phaedro (Georgius), 80 
Planis Campy (David de), 24, 
25 
Plattes (Gabriel), 38 
Potier (Michael), 83-4 
Potier (Pierre), 105 
Quattrami (Evangelista), 18 
Quercetanus (Joseph), 26 
Rhenanus (Johannes), 112. 
Richardus Anglicus, 14 
Ripley (George), 35 
Rochas (Henri de), 34* 
Rubeus (Hieronymus), 68 
Ruland (Martin), 75 
Sendivogius (Michael), 32 
Sennertus (Daniel), 111 
Severinus (Petrus), 63 
Suchten (Alexander von), 11* 
Synesius, 109 
Tancke (Joachim), 6, 7, 10 
Trissmosin (Salomon), 1, 27 
Vogel (Ewald), 48 
Wittestein (Carolus), 88 
Zwinger (Jacob), 106 


in the correspondence between Child and 


C. W. BENNETT, Western Illinois State Teachers College, Macomb, Illinois 


AN interesting variation of the traditional demon- 

stration of the bleaching action of chlorine can be 
made by placing a dry discarded photograph (we use 
damaged or obsolete college identification pictures) 
in one bottle and a moistened photograph in the next 


bottle in the chlorine gas train. 


The dry photograph 


will go through the treatment practically unchanged 
while the picture will be completely removed from the 


wet one. 


(Evidently the dark silver in the paper is 


changed to white silver chloride.) 





Laboratory Hot Air Blast 


RALPH E. DUNBAR 
North Dakota State College, Fargo, North Dakota 


A BLAST of hot air that is instantly available in the 
chemical laboratory is a real convenience for dry- 

ing glassware. Such a piece of equipment can be pro- 
vided at little cost, or can be made from simple or dis- 
carded laboratory equipment. 
such an arrangement and is practically self explanatory. 
A piece of three-eighths of an inch, inside diameter, 
copper tubing of four feet in length is carefully wound 
around a two-inch piece of iron pipe or rod forming a 
spiral so that the spacing between successive turns is 
approximately one inch. Care must be taken in bend- 
ing the copper tubing so that the walls do not collapse 
sufficiently to greatly impede the flow of air through the 
finished coil. In case serious difficulty is encountered 
in making these turns the original straight copper tube 
may be poured full of molten lead before bending. 
After the coil is completed the lead can be readily re- 
moved by heating the coil and allowing the molten 
metal to drain from the lower end. Four or five com- 
plete turns in the final coil should be sufficient to heat 
the air adequately. The two ends of the copper tube 
should be left straight for some six or eight inches to 
make adequate provision for outlet and attachment 
to the air supply. The completed coil is slipped inside a 
six-inch section of a three-inch stainless steel, light- 
walled pipe. A few layers of asbestos paper between 
the coil and outer jacket will noticeably increase the 
heating efficiency of the equipment. The whole is then 
attached to a ring stand and firmly clamped in place 
with two three-inch iron rings. A Fisher Pittsburgh 


The illustration shows | 


Universal burner or similar type laboratory or Bunsen 
burner, with Fisher Burner Intensifier, is placed below 
the coil on the base of the ring stand. If the base of 
the burner is riveted or bolted to the base of the ring 
stand a more substantial arrangement is provided. 
The barrel of the burner may also be shortened to some 
two inches to secure a more compact and stable piece 
of equipment. 

The lower end of the copper coil is attached to any 
laboratory source of compressed air, the burner to the 
usual gas supply. The air in passing through the coil is 
heated sufficiently to dry the 24-inch inner tube of a 
Liebig condenser in two minutes. If a large flame is 
placed under the coil without a current of air passing 
through the equipment the coil may overheat, causing 
a light deposit of oxide to form on the inside. This 
oxide will then be blown from the upper end of the coil 
when it is subsequently used, thus contaminating any 
glassware being dried. 








For Cool Nerves 


MENTHOL penetrates the skin or the mucous mem- 
brane to stimulate the coolness nerves. Perhaps it in- 
creases the sensitivity of the coolness nerves to cold, 
for menthol in the mouth does not produce the sensa- 
tion of coolness until cool air is breathed which seems 
to fill the mouth with ice. Most of the cool feel of some 
shaving creams, lotions, and tooth pastes, as well as of 
peppermint candy, is due to menthol. Until recently, 
nearly all of the 250 tons of menthol used each year in 
this country was imported, initially from Japan, but 
then increasingly from China. In both countries it 
was made from a Japanese type of peppermint oil, an 
oil with an unattractive hay-like odor, but with about 
65 per cent content of menthol, easily crystallized out 
on chilling the oil. 


For some years, an acceptable partially synthetic 
menthol was made by chemical modification of citron- 


ella oil. With the fall of the Dutch East Indies, citron- 
ella importation ceased. At present, American manu- 
facturers are using native peppermint oil, which runs 
about 50 per cent menthol, to eke out the small stock 
of natural menthol on hand, which has increased in 
value from four dollars to over thirteen per pound. It 
is now proposed to make menthol from thymol, which, 
in turn, is made from coal-tar creosote, thus supple- 
menting the production of crops of high-menthol 
peppermint being raised this year and preventing any 
serious shortage of this valuable oil. 


—Industrial Bulletin of Arthur D. Little, Inc. 
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A Note on the Limiting Equivalent 
Conductance of Electrolytes 


PIERRE VAN RYSSELBERGHE 


University of Oregon, Eugene, Oregon 


TUDENTS of physical chemistry invariably 
experience marked difficulty in trying to obtain a 
clear understanding of the concept of limiting equivalent 
conductance or equivalent conductance at infinite dilution. 
Current texts of physical chemistry fail to give them 
any effective help because they all omit the mathe- 
matical reasoning necessary for the exact definition of 
the limiting equivalent conductance. Yet, this reason- 
ing does not require more than the mere rudiments of 
calculus. 

That the specific conductance L of the electrolyte 
decreases with concentration and vanishes at zero 
concentration when allowance is made for the con- 
ductivity of the solvent is clear to everyone. That, 
at all finite concentrations, there is an equivalent 
conductance connected with the specific conductance 
and the equivalent concentration C (in equivalents 
per liter) or the dilution V (in liters per equivalent) 
by the relations 

A = some = 1000 LV (1) 
is usually acceptable to everyone. The existence of a 
finite limit Ay for A at infinite dilution is, however, 
frequently misunderstood as long as purely intuitive 
arguments are used. The following procedure, on the 
other hand, removes the difficulty. 

As C tends toward zero, L also tends toward zero, 
and the expression for A becomes of the form 0/0. 
In other words, Ao is an indeterminate form. The 
indeterminacy is removed by taking the ratio of the 
derivatives of L and C with respect to C (L’Hospital’s 
rule), C being regarded as the independent variable: 
= (2) 


; ae | rae 
lim A = 1000 lim ac/ lim IC 


‘ a, Ge , 

lim A = Ao = 1000 lim IC (3) 
Since the experimental curve describing the variation 
of L with C is smooth, continuous, starts at zero for 
C = 0, and since its slope is also finite and continuous 


at all values of C, it is clear that the derivative or has a 


finite limit at C = 0. 

Among the intuitive arguments which can be used 
to explain the meaning of Ao, we have found the 
following one to be the most satisfactory: 


The equivalent conductance at any finite concentra- 
tion can be regarded as the sum of the velocities of the 
ions per unit of potential gradient multiplied by the 
charge of an equivalent (96, 494 coulombs) and multi- 
plied by the degree of dissociation. These velocities 
increase with dilution, since the interference due to the 
ionic atmospheres gradually vanishes. The degree 
of dissociation is equal to unity at all small con- 
centrations, or, in the case of weak electrolytes, it tends 
toward unity at infinite dilution. The ionic velocities 
at infinite dilution are those which would actually be 
exhibited in a solution containing one single dissociated 
molecule of the electrolyte in any finite volume, say, 
one milliliter. The sum of these velocities is multiplied 
by the charge of one equivalent in order to obtain the 
conductance corresponding to 6.023 X 107% (Avogadro’s 
number) pairs of elementary plus and minus charges 
(. e., 6.023 K 1078 K+ and 6.023 X 1073 Cl~ions in 
the case of KCl, '/2 X 6.023 X 107% Mg++ and '/, 
X 6.023 X 107% SO,-— ions in the case of MgSOQ,, 
1/; X 6.023 X 1078 Al+*++ and 6.023 X 1073 CI- ions 
in the case of AICl3, etc.). The true concentration of 
such an “‘infinitely’’ dilute solution would be 1000/ 
6.023 X 1078 or 1.660 X 10~*! mole per liter. 





An economical dehydrator has been designed for home use by Orrin Hale of Seattle, 


publisher of Northwest Gardens and Homes magazine. 


Biggest problem of construct- 


ing the cabinet—warping—because of the large amounts of moisture and heat neces- 
sary to dry the fruit and vegetables was solved ty the application of two coats of syn- 


thetic resin sealer. 


Blueprints of the dehydrator are available from the designer. 








Out of the Editors RBashet 


ESTINGHOUSE Research tells us that “‘chemi- 
cals have their ups and downs, too.” 

Many of the chemicals used as phosphors—the sub- 
stances that change invisible ultra-violet radiation to 
visible light in fluorescent lamps—get tired of work and 
become inefficient rather quickly, according to the 
results of recent studies by Dr. N. C. Beese, research 
physicist at the Westinghouse Lamp Division. 

To study this fatigue effect, Beese coated pieces of 
glass with various phosphors, irradiated them with 
ultra-violet radiations of different wave lengths, and 
measured fluorescent light output at several given 
instants after the ultra-violet source was turned on. 
Some materials, such as zinc silicate, fatigue rapidly. 
Under some conditions this phosphor bécame about 
30 per cent less effective as a light producer in from 10 
to 15 seconds. 

He found that phosphors fatigue more under intense 
radiation than under moderate radiation intensities, 
and that the longer they are exposed to ultra-violet the 
less efficient they become. After a rest of a few min- 
utes, all of the phosphors tested had regained most of 
their original effectiveness. 

Beese finds that the wave length of the ultra-violet 
also has something to do with both rate of fatigue and 
recovery, and believes that further studies of wave 
length may point the way to improved fluorescent 
lamps. 


e@ Dr. E. J. Crane, Editor of Chemical Abstracts pub- 
lished the following ‘‘Comforting thought” in a recent 
number of The Little C. A., a leaflet distributed to 
members of his staff. It seems to us that our readers, 
too, might like to be comforted by it: 

“Our country was an important factor in the winning 
of World War I. Since that time the United States 
has grown tremendously as an industrial nation. I 
have a notion that Germany has not grown during the 
same period in anything like the same proportion. 
Japan has gained industrial strength, but on a smaller 
scale than has the United States and her start was low. 
Germany was hard hit by World War I and lost much 
ground as a result of it. She was slow to recover. 
Our country was greatly stimulated industrially by 
this war. We stopped depending on Europe for many 
things and we surged forward to world leadership from 
moderate beginnings in many undertakings. Chemical 
industry is a good example. Consider the present 
strong position of American chemical industry and the 
chemical situation in this industry in 1914. 

“T do not claim to have an exact measure of these 
things. I have found comfort and encouragement, 
however, in some statistics based on Chemical Abstracts, 
for I believe they do have some significance as a meas- 
ure of national growth and strength. This war is 


characterized as a war of machines and of production. 
Strength of this sort is closely related to scientific and 
technical developments. Chemistry is a fundamental 
science with wide industrial as well as interscience 
applications. Chemical Abstracts, with its world-wide 
coverage, reflects the progress in chemistry made in 
the various nations. 

“In 1913 over a third (34.4%) of the papers covered 
by Chemical Abstracts came out of Germany, whereas 
only about a fifth (20.7%) came from the United 
States. Other contributions were: British Empire 
14.4%, France 13.0%, Russia 2.5%, Italy 4.7%, and 
Japan 0.37%. In 1939, the last year unaffected by 
World War II, the relative positions were: United 
States 27.7%, Germany 18.7%, British Empire 14.1%, 
Russia 11.1%, France 9.1%, Japan 4.4%, and Italy 
3.0%. 

“While I realize that one should be careful not to 
place too much reliance on these figures as significant 
indicators, I nevertheless believe sufficiently in their 
value for the purpose to gain comfort from them. 
Possibly the trend, as well as the relative quantitative 
positions, signifies something in this connection. 
France lost ground and has been defeated. Italy lost 
ground and is tottering. Russia gained much ground 
and is displaying unexpected strength in a grand 
manner. Japan has gained ground and is proving a 
tough foe. The stable British Empire has maintained 
its position and gives every indication of continuing to 
do so. Germany, though still in strong position, has 
slipped somewhat while our country has been waxing 
so strong in chemical activity as to gain leadership by 
a wide margin.” 


@ We note that The Catalyzer, published by the de- 
partments of chemistry and chemical engineering of 
the University of Notre Dame, is being discontinued 
for the duration of the war. The announcement reads, 
in part: 

“This interruption, after nearly twenty years of con- 
tinuous publication is one which The Catalyzer meets 
with head held high and unashamed—it took a world 
conflict to accomplish it.” 

We were rather struck by another editorial comment, 
however: 

“If you are an engineer, a chemist, an architect, or are 
preparing yourself for a technical profession, you have 
undoubtedly been aware of the low esteem with which 
your profession is regarded in general social life. A 
technical man is often viewed as being an uninteresting 
individual who thinks only in terms of blue-prints and 
talks only in terms of formulae. He is considered as 
one belonging to a class set distinctly apart by the 
narrowness of his education, thoughts, and aspira- 
tions. ... 
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“Once the rest of society learn by direct association 
that the technical man is an alive, interesting human 
being sharing their ideals and their interests, the 
technical man will soon occupy his proper position in 
society.” 

It never really occurred to us that we were outcast; 
in fact, we have always thought that we rather ‘‘be- 
longed.”” Evidently we haven’t gotten around enough. 
Well, it is good to have one’s pride humbled once in a 
while, and after all, maybe there is a little something 
in it. 


e That institutions of higher education are alert to the 
problems of maintaining adequate instructional staffs 
in time of National emergency is shown in a preliminary 
statement issued by the U. S. Office of Education. The 
statement is based on reports tabulated from 964 in- 
stitutions out of 1720 in the United States. Of the 
institutions reporting, 342 are under the control of 
States, cities, counties, or districts, and 622 are under 
the control of religious sects or other private agencies. 

Some 20 different measures had been taken by the 
964 institutions to meet or prevent shortage of teachers. 
Seven of these means were given by 100 or more insti- 
tutions. Most institutions reported more than one 
type of measure. 

Increasing the number of hours of teaching for the 
regular staff was given by almost half of the institutions 
reporting. This was mentioned by 156 publicly con- 
trolled and 311 privately controlled institutions and 
was the most commonly reported administrative 
measure in both groups. Second in frequency for 
both publicly and privately controlled institutions was 
the discontinuing of courses. Other commonly used 
measures in descending order of frequency were: re- 
placing men with women, increasing salaries, obtain- 
ing selective service deferment of men, retention of 
teachers beyond the normal retirement age, and using 
graduate assistants. 

Between 50 and 100 institutions reported: discon- 
tinuing non-teaching activities, such as research, super- 
vision of student activities, etc.; reducing academic 
qualifications for positions; pooling instructional work 
with other institutions; and recalling retired members 
of staff. This last measure, reported by 58 institutions, 
is of particular interest in connection with the retention 
of staff members beyond retirement age, reported by 
172 institutions. 

A relatively small number of institutions (10 or fewer) 
reported the employment of the following means to 
alleviate faculty shortages: employing part-time teach- 
ers, increasing class size, transferring teachers from their 
regular departmental assignment to a related depart- 
ment, alternating courses, combining courses, pooling 
instructional work among other instructors, securing 
professional men to teach single courses, using qualified 
men to use their minor fields of specialization, and 
using undergraduate students. The infrequent use of 
certain measures which do not involve appreciable 
lowering of standards, and the frequent use of meas- 
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ures which lower standards and bring hardships to 
teachers suggest that some that are infrequently re- 
ported such as transferring faculty members from 
surplus fields to shortage fields and securing pro- 
fessional men to teach single courses should be given 
further trial by more college administrators. 


e@ Manufacture of antifreeze solutions compounded 
with inorganic salts or petroleum distillates has been 
prohibited by an order issued by WPB’s Director 
General for Operations. The order was issued as a 
result of widespread complaints from motorists, truck 
operators, and motor service establishments throughout 
the country that certain antifreeze solutions recently 
distributed in large quantities in cold-weather areas 
have been found. highly destructive to radiators, igni- 
tion systems, and rubber connections in automobiles 
and trucks. 

The solutions prohibited by the order are termed 
“deleterious antifreeze solutions.”” They include solu- 
tions compounded with inorganic salts, including cal- 
cium chloride, magnesium chloride, or sodium chloride, 
as well as petroleum distillates. Their use involving 
actual destruction of thousands of motor vehicles, has 
been studied by a committee of the War Production 
Board, composed of representatives of the Chemical, 
Conservation, and Automotive Divisions, the National 
Bureau of Standards, the Office of Defense Transporta- 
tion, and the Office of Price Administration. 


@ Somewhat staggering and at the same time re- 
assuring is the recent report from the University of 
Cincinnati noting that in the last fifteen years 40,000 
Doctor of Philosophy degrees have been awarded to 
deserving scholars by the colleges and universities of 
this country. For the academic year just ended 
3243 doctorates were granted—more than twice the 
number awarded in 1928. More and more students 
are earning the coveted Ph.D. each year. Chemistry 
leads all subjects with 588 doctorate dissertations; 
education is next on the list with 344, while economics 
is third with 181. More than 100 doctorates were 
offered last year in such subjects as English, physics, 
modern history, biochemistry, psychology, botany, 
religion, and zodlogy. Chicago awarded 197 doctor- 
ates to top all American universities; Columbia 
followed with 187, and Wisconsin, with 163, was third. 
Too many doctorates? A glance at ‘“Who’s Who in 
America,” ‘‘Leaders’in Education,” or similar volumes 
shows conclusively enough that the Ph.D.’s of recent 
years have earned their mark in almost every field of 
endeavor . . . the 40,000 Ph.D. holders have a signi- 
ficant role to perform in strengthening the American 
way of life and preserving the democratic heritage. 


e In giving an account recently! of the ‘refresher 
courses” carried out under the auspices of the Detroit 
section, we unwittingly made two errors. The total 
number of registrants in these courses was 173, 75% of 
whom were men, not women. 


1 “Out of the Editor’s Basket,” J. Cuem. Epuc., 20, 42 (1943). 
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@ The increased war needs of the United Nations, de- 
velopments of new industrial processes, scientific re- 
search for more dependable materials, all combined to 
make 1942 the biggest year in the history of the 
platinum metals industry. 

It was necessary for the War Production Board in 
October to restrict the use of platinum for jewelry 
because of these demands, but sources of supply of the 
metals should be adequate to meet the probable war 
needs of the United Nations. These sources are 
located principally in Canada, Russia, Alaska, Colom- 
bia, and South Africa, with Canada being the largest 
producer. 

The most important wartime uses of platinum are 
in chemical, electrochemical, and electrical fields where 
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its high resistance to corrosion, erosion, and oxidation 
are essential. The biggest single use is as a catalyst 
in the production of nitric and sulfuric acids for muni- 
tions plants. Mr. Charles Engelhard, president of 
Baker and Co., one of the leading smelters and fabri- 
cators of these metals, has been quoted as saying: 

“‘As far as the future is concerned, it is likely that 
many of the war-developed uses of platinum will re- 
main when peace is achieved. It is also probable that 
palladium will continue to enjoy popularity as a 
jewelry metal for which it had won a place as an alter- 
nate to platinum before the war. In this field it will 
supplement rather than supplant platinum and prob- 
ably also will continue to find, with platinum, increased 
industrial applications.” 





A Nomograph for the Estimation of the 
Activation Energies of Unimolecular Reactions 


EARL WARRICK 
Department of Chemistry, Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


N A recent publication (J) an empirical equation 

for gaseous unimolecular reactions was suggested 
relating a vibrational frequency, 7, a bond energy, 
D,, and the activation energy E. This equation was, 


900.45p 
E = 2.858 » [35.5 _ oo | 


D, is the spectroscopic energy of dissociation for the 
bond characterized by frequency 7 and is related to the 
thermochemical bond energy, D,, by the equation 


D, = 1.429% + Do 


The numerical constants given in both equations are 
only valid when 7 is expressed in cm.—!, and D, and D, 
are given in calories. 

It is convenient to set up both equations in nomo- 
graphic form and suitable nomographs are shown in 
the accompanying graph. 

The use of the nomograph may be illustrated by 
considering the decomposition of tertiary butyl chlo- 
ride (2). This molecule decomposes into isobutylene 
and hydrogen chloride. In the reaction the C—H 
and C—Cl bonds are broken. The frequency to be 
employed is that associated with the weaker of the 
two bonds which in this case is the C—Cl bond. 
According to Kohlrausch (3), the frequency for the 
C—Cl bond in tertiary butyl chloride is 570 cm.—. 


To establish the value of D, one uses the scales marked 
‘“‘A”’ and connects 570 on the frequency scale with the 
C—Cl value on the D, scale by a straight line and 
reads 78 kilocalories on the D, scale. Shifting to the 
scales marked ‘‘B,’’ one connects the value 78 kilo- 
calories on the D, scale with the value 570 on the v 
scale. This straight line when extrapolated to the 
E scale gives 47 kilocalories for the energy of activation. 
The observed energy of activation is 46 kilocalories. 
The calculated value for E is accurate within the limits 
of experimental error. 

The use of the nomograph seems to be limited by 
the quadratic nature o: the equation. However, 
it may be noted that, for energies of activation smaller 
than 50 kilocalories, the two possible frequencies differ 
by a multiple of four or greater. Obviously the 
higher frequency is an impossible value. For higher 
energies of activation the two frequencies may differ 
only by a multiple of two or less. Here both fre- 
quencies are physically possible and, in fact, do exist 
for the C—H bond. It is impossible to state which 
frequency is the correct one for this case. 
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Hydrogen Sulfide Generator (Kipp Principle) 


CHARLES J. HEIMERZHEIM 


Brooklyn College of Pharmacy, Brooklyn, New York 
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Two-liter flask FeS (stick form) 

Twelve-inch glass tube (23-mm. i. d.) Perforated rubber disc 

Rubber stopper (V-notched air passage) Glass wool packing 

One-hole rubber stopper 10 One-hole rubber stopper (channels in 
Gas delivery tube bottom leading to hole) 

Gas formation chamber 11 = Acid 
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Spot Reaction Experiments 


Part I: Catalytic Reactions 


FRITZ FEIGL 


Laboratoria Central da Produgao Mineral, Ministerio da Agricultura, Rio de Janeiro, Brazil 


(Translated by Ralph E. Oesper, University of Cincinnatt) 


POT reactions are used in multifarious ways for 

purposes of identification and detection in quali- 
tative inorganic and organic analysis, in the examina- 
tion of raw materials and technical products, in 
mineralogy and petrography, in biological studies, 
and in spot colorimetry. In these applications, rapid 
procedures and sensitive tests utilize reactions of 
complex compounds; of organic reagents; of catalyzed, 
induced, and fluorescence reactions; of micro- or semi- 
micro organic preparations; and in spot reactions on 
paper, of colloidal and capillary processes.! In these 
many instances spot tests provide a valuable teaching 
aid for a variety of chemical facts and principles. 
Certain laws and new effects may be demonstrated on 
the lecture table; and, wherever necessary, enlarged 
by a projection lantern. These spot test demonstra- 
tions are, of course, offered to supplement, not to 
supplant, the large-scale lecture demonstration.” More- 
over, the simplicity of many spot reactions recom- 
mends itself to a repetition, by the individual student, 
of the lecture'demonstration. In this series of papers, 
spot reactions carried out as lecture demonstrations 
will cover a number of topics. 


CATALYSIS 


Heterogeneous and homogeneous catalysis have been 
fully treated in elementary textbooks. In general it is 
believed that (1) the catalyst does not change the 
value of the equilibrium constant, but only the rate at 
which equilibrium is attained; (2) positive catalysts 
usually: act in a way first postulated by Ostwald, by 
forming an intermediate compound with the reactant, 
as illustrated in experiment 1 below; (3) the inter- 
mediate compound in the case of heterogeneous cataly- 
sis is usually formed by the adsorption of one or 
both participants on the catalytic surface; and (4) 
this catalytic surface may be “‘poisoned”’ by blocking 
or coating the active surface. 

1 Compare FEIGL, ‘‘Qualitative analysis by spot test,” trans- 
lated by J. W. Mattuews, 2nd ed., Nordeman Publishing Co., 
New York, 1939; F. Fricu, “Specific and special reactions,” 
translated by R. E. Oesper, Nordeman Publishing Co., New 
York, 1940. 

2 Compare H. RHEINBOLDT, ‘‘Chemische Unterrichts-ver- 
—_— Dresden, Leipzig, 1934. This book is a classic in its 

eld. 

3It is hoped that these papers will encourage teachers to de- 
vise and describe other spot tests for lecture demonstrations; 
subsequently the author wishes to publish a collection of these. 
All but the last two experiments described below are treated in 
his ‘‘Manual of spot analysis’’ to be published shortly. 


The importance of catalyzed reactions is enormous. 
Numerous technical processes such as the manufacture 
of the sulfuric acid, the synthesis of ammonia, fermenta- 
tions, etc., are based on catalyzed reactions. Without 
catalysis, there would be no life, because practically 
all metabolic processes of living cells require catalytic 
intervention and regulation (biocatalysts). 


Experiments 

1. The Iodine-Sodium Azide Reaction Catalyzed by 
Sulfide-Bound Sulfur.‘ A solution of sodium azide 
and iodine in aqueous potassium iodide is stable almost 
indefinitely. In other words, the reaction: 


2NaN; + Iz: = 2Nal + 3Ne2 


proceeds so slowly that the velocity cannot be meas- 
ured. However, it is catalytically accelerated by all 
compounds that contain divalent sulfur in sulfide link- 
age. The solubility or insolubility of the particular 
sulfidic compound has nothing to do with this effect. 
For example, not only NazS or NaeS.O; is active, but 
also insoluble and acid-resistant metal sulfides and 
sulfide ores, likewise organic compounds, such as 
thioketones and mercaptans. The initiation of the 
iodine-azide reaction is easily seen, because the color 
of the iodine disappears and a gas is evolved. 

The acceleration of this reaction can be explained as 
an intermediate reaction catalysis as follows: The 
iodine is taken up by the thio compounds to forin labile 
reactive compounds as shown in (1) below. These 
iodine-sulfur compounds react with sodium azide as 
shown in (2), whereby the pure sulfur compound, the 
catalyst, is regenerated unchanged. Summation of 
(1) and (2) gives the foregoing equation, in which the 
catalyst, namely, the sulfidic compound, does not 
appear. This series of reactions repeats until all the 
iodine or sodium azide is consumed. 
R=S_ + I. — IR—SI 


IR—SI + 2NaN; ~ R=S + Nal 
+ 3N2 


(1) + (2) catalyzed reaction 


(1) primary reaction 


(2) secondary reaction 





2NaN; + I: —> 2Nal + 3N2 


(R = divalent metal or organic radical) 


The reactive intermediate compound given in (1) 
and (2) is hypothetical. This means that while its 
postulation satisfactorily explains the mechanism of 
the catalysis, its existence has not been proved, since 


4 For literature references see the books by Feigl cited in foot- 
note 1 
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the compound has not been isolated. This is not 
surprising because the lability and reactivity of the 
intermediate compounds of a catalyst are the very 
characteristics responsible for the catalytic effect. 
The compound IR—SI represents the addition of 
iodine to RS to form RS-Iy. This type of addition 
compound is also involved as the intermediate in the 
conversion of metal sulfides into iodides, a reaction 
that will be discussed later. The production of such 
compounds is probably the reason why insoluble sul- 
fides also catalyze the iodine-sodium azide reaction 
almost instantaneously. 

In connection with this catalysis by metal sulfides 
and other thio compounds, it should be noted that 
these materials are frequently oxidized by iodine. 
Consequently, the catalyst is consumed during its 
period of activity, that is, it is poisoned. However, 
the decisive factor is that the velocity of the primary 
and secondary reaction is greater than the rate at 
which the catalyst is poisoned, and consequently the 
iodine-sodium azide catalysis can be used to detect 
traces of sulfides. 

Procedure (catalysis by soluble sulfides): Two drops 
of 0.02 N iodine solution and three drops of water are 
placed in a depression of a spot plate. Two drops of a 
three per cent of sodium azide in 0.02 N iodine solution 
and three drops of water are placed in each of the 
three adjacent depressions. A drop of one per cent 
starch solution is added to each and mixed by blowing 
through a pipet. Each of the four depressions con- 
tains the same quantity of iodine and three contain, 
in addition, equal quantities of sodium azide. A drop 
of 0.2 per cent aqueous thiourea solution is added to 
the pure iodine solution and to the first iodine-azide 
mixture and mixed by blowing. The iodine solution 
remains practically unchanged (blue) while the neigh- 
boring iodine-azide mixture immediately becomes 
colorless. Two drops of the decolorized reaction mix- 
ture are transferred by means of a pipet to the iodine- 
azide solution in the adjoining depression. After 
mixing, this solution also becomes colorless. Three 
drops of the latter are transferred to the blue solution 
in the fourth depression. Several seconds after mixing, 
this solution also loses its color. 

The experiment shows that the catalyst has not 
disappeared when the iodine-azide reaction is com- 
pleted. It is still active and despite dilution remains 
capable of accomplishing the acceleration a second and 
third time. 

Procedure (catalysis by insoluble sulfides): The 
iodine and iodine-sodium azide solutions used in the 
preceding experiment are diluted to one-eighth their 
original strength. Solid sodium azide (tip of knife 
blade) is added to the diluted sodium azide solution 
to make the following experiment more distinct. One 
drop of each of the solutions is placed on qualitative 
filter paper containing starch. It is convenient to 
lay the filter paper on a broad rubber stopper. A 
blue spot appears in both cases. A piece of galena or 
pyrites, whose surface has been ground smooth, is 
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pressed against these iodine-starch spots. No change 
will be observed in the pure iodine-starch fleck, which 
accords with the known resistance of natural sulfides 
to the action of iodine. In contrast, a distinct white 
impression of the ore will be left on the iodine-starch 
spot that also contained sodium-azide. 

The experiment demonstrates that even insoluble 
sulfides in compact masses can initiate the iodine-azide 
reaction. 

2. Autocatalysis of the Permanganate-Oxalic Acid 
Reaction. The reaction of oxalic acid with potassium 
permanganate in the presence of sulfuric acid can be 
written: 
5H2C.0, + 2KMnQ, + 3H:SOu: = KsS0. + 2MnSO, + 10CO, + 

2 
However, this reaction does not proceed directly be- 
cause a drop of potassium permanganate solution is 
not decolorized immediately when it is added to a 
solution containing excess oxalic acid and some sul- 
furic acid. The pink color of the MnQO,~ ion per- 
sists; it disappears only after some time. As more 
drops of the permanganate are added the time required 
for the discharge of the color of the individual drops 
constantly decreases. Finally, the color disappears 
at once, until all of the oxalic acid has been consumed. 

This peculiarity, which is not observed in other oxi- 
dations with permanganate, indicates in itself that the 
foregoing equation does not truly represent the actual 
direct course of the reaction between permanganate 
and oxalic acid. The fact that the reaction goes 
slowly at first and picks up speed as it proceeds shows 
that the correct conditions for the oxidation of oxalic 
acid are being established during the period when the 
reaction is going slowly. In fact, a study of the 
kinetics of this reaction by Skrabal® showed that while 
the equation is perfectly correct with respect to the 
relative weights of permanganate and oxalic acid, it is, 
however, only the net equation produced by combining 
10 partial reactions, some of which proceed instan- 
taneously, others with measurable velocities. While 
the color is fading slowly, that is, in the ‘“‘incubation’’ 
period, the Mn (VII) of the permanganate undergoes 
a slower reduction to the unstable Mn (III) as shown 
in (1); this Mn (III) salt reacts instantaneously with 
oxalic acid and is reduced to Mn (II) as in (2). 


Incubation sot (VII) + oxalic acid —> Mn (III) z £0, 
period (Mn (III) + oxalic acid —> Mn (II) + CO; 


(2) instantaneous 


The Mn (II) formed in (2) can now react with KMnO, 
as indicated in (3) 
Mn (II) + Mn (VII) —> Mn (III) (8) rapid 
The Mn (III) thus produced undergoes immediate 
reaction with oxalic acid according to (2). Conse- 
quently, (1) and (3) compete with respect to producing 
the reactive Mn (III). Since, however, (3) goes faster 
than (1) it is obvious that (3) will predominate, pro- 
vided sufficient Mn (II) is present. This means that 


5 Z. anorg. Chem., 42, 1 (1904). 
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the Mn (II) formed by the sequence (1), (2) assumes 
the role of a catalyst. It reacts with one participant 
(KMnQ,) of the slow oxalic acid-permanganate re- 
action and forms as intermediate product Mn (III), 
which reacts rapidly with the second participant 
(oxalic acid). Consequently, this catalyst does not 
have to be introduced separately into the system, but 
is formed during the incubation period. The supply 
is not only maintained but is constantly increased. 
This is a clear case of autocatalysis. 

These details make it obvious that the incubation 
period of the permanganate-oxalic acid reaction can be 
eliminated if catalytically active Mn (II) is added 
before starting the reaction. This fact also establishes 
the autocatalytic character of this reaction. 

Procedure: Two drops of six per cent oxalic acid 
solution and two drops of dilute sulfuric acid (1:2) are 
placed in each of two adjacent depressions of a spot 
plate. A drop of 0.02 per cent manganous sulfate 
solution is added to one of the mixtures; a drop of 
water is added to the other. Both solutions are then 
mixed by blowing into them through a pipet. Three 
drops of 0.03 per cent potassium permanganate solu- 
tion are added to each of the two solutions and the 
mixing is repeated. The solution containing the Mn 
(II) salt will lose its color almost instantly, whereas 
the pink will persist for about four minutes in the other 
solution. Then it begins to fade gradually. 

The experiments demonstrate both the existence of 
an incubation period of the permanganate-oxalic acid 
reaction and the shortening of this period by the 
catalytic action of manganous ions. 

3. Oxidation Reactions Catalyzed by Nitric Acid. 
Nitric acid and nitrates in acid solution are used more 
frequently than any other oxidizing agents. A general 
oxidation equation can be written: 


2HNO; + 3R — 3RO + 2NO + H:0 


(R = divalent metal or other reducing agent) 


Thanks to this oxidizing action, nitric acid, in 
contradistinction to other acids, is capable of dis- 
solving even such metals as copper, etc., that are below 
hydrogen in the electromotive series. The metal is 
converted first into an oxide (CuO, for instance) and 
this, in turn, into the soluble nitrate through the 
action of the hydrogen ions. More than a century ago 
it was observed that pure nitric acid is much less active 
in the oxidative solution of such metals than impure 
acid, or acid which had been used previously and which 
consequently contained nitrogen oxides or nitrous 
acid. Later it was found that the solvent power of 
pure nitric acid is accelerated tremendously by the 
addition of nitrite. Therefore nitrite can be regarded 
as acatalyst. Detailed studies by Abel of the kinetics 
of oxidation by nitric acid have shown that the actual 
active agent is not the nitric acid but the nitrous acid, 
which, as will be seen presently, can be formed from 
nitric acid in the course of the oxidation. 

It is well known that nitrous acid is a strong oxidizing 
agent. Its action can be represented: 
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2HNO; + R — RO + 2NO + H:20 (1) 


This equation also indicates the true course of the 
oxidation when nitric acid is used, because the NO 
formed in (1) reacts with nitric acid to produce nitrous 
acid : 

2NO + HNO; — H.0 + HNO, (2) 


Consequently, if nitric acid originally contains nitrous 
acid, the latter reacts first as shown in (1). Nitric 
oxide (NO) is produced, and by reaction with nitric 
acid (2) again forms nitrous acid, which continues the 
oxidation. Accordingly, nitric acid does not function 
at all as the direct oxidant, but acts simply as a source 
of nitrous acid. Consequently, if nitric acid is to 
act as an oxidizing agent, nitrous acid must either be 
present from the start or it must be formed by a sub- 
sequent reaction. However, even traces of nitrous 
acid suffice, because, as shown by (1) and (2), it is fur- 
nished in increasing amounts by the nitric acid. 

Even the purest nitric acid acts as an oxidant, al- 
though very slowly at first, and only after an incubation 
period. Its action can be explained by the fact that 
nitrous acid is formed in this first stage. It then con- 
tinues the oxidation as represented by (1) and (2). 
These two equations, therefore, picture the mechanism 
of the oxidizing action of nitric acid. The net oxidation 
equation of nitric acid, given earlier, is obtained by com- 
bining them (with adjustment to involve the same 
number of molecules of HNO). 

The dominant role of nitrous acid can be shown 
experimentally by the fact that many familiar and 
common oxidizing actions of nitric acid either do not 
occur or are greatly weakened if the nitrous acid, 
which is present or produced, is destroyed. The fol- 
lowing experiments demonstrate both the primary 
formation of nitrous acid, and also the retardation of 
the oxidizing action of nitric acid if the nitrous acid is 
removed. 

3a. Detection of Nitrous Acid During the Reduction 
of Nitrates in Acid Solution by Nascent Hydrogen. The 
formation of nitrous acid in the first stage of oxidation 
by nitric acid is easily demonstrated through its reac- 
tion with alkali iodide. Free iodine is produced and is 
detected by the familiar starch test. 

Nascent hydrogen, generated by the action of zinc 
on nitric acid, is used as the reducing agent in the 
following experiments. Consequently, if zinc is added 
to nitric acid (or an acidified-nitrate solution) contain- 
ing potassium iodide, the following reactions must be 
taken into account: 


2H+ + Zn® —> Znt+ + 2H — of nascent and 
H +H — H;: molecular hydrogen 


reduction of nitrate to nitrite 


NO;~ + 2H —>+H;0 + NO.~ (molecular hydrogen is in- 
active here) 


2NO,- + 2I- + 4H* — Saray by nitrite of iodide 


2H:0 + 2NO + I; to free iodine 


It should be noted that there has been no mention 
here of another reaction that can occur, namely, the 
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reduction of free iodine by nascent hydrogen: I, + 
2H — 2HI. However, this reaction proceeds so very 
slowly that it is of no significance with respect to the 
speedy oxidation of iodide ion by nitrite. Conse- 
quently it does not interfere. 

Procedure: One drop each of 1 N potassium nitrate, 
of one per cent potassium iodide solution (acidified 
with dilute hydrochloric acid immediately before the 
experiment), and of starch are placed in the depression 
of a spot plate. Since pure, dilute nitric acid does 
not liberate iodine from potassium iodide the solution 
remains colorless, or turns a barely visible blue. A 
granule of zinc is then added and a deep blue appears 
immediately. The experiment demonstrates the forma- 
tion of nitrous acid during the reduction of an acidi- 
fied nitrate solution by nascent hydrogen. 

3b. The Reversible Reaction NO;- = NO». as a 
Catalyzing Reaction. Potassium permanganate is re- 
duced only slowly by nascent hydrogen: 


2MnO,- + 10H + 6H*+ -~> 2Mn*tt + 8H20 


Accordingly, the color is discharged only gradually if 
zinc is added to an acidified solution of potassium per- 
manganate. This reaction can be accelerated cata- 
lytically by nitrate, because the following partial re- 
actions occur through the valence changes of the nitro- 
gen. First, the nitrate is reduced to nitrite by nascent 
hydrogen; that is, by one participant of the slow re- 
action as has been shown in Experiment 3a (primary 
reaction 1, below). The nitrite thus formed is re- 
oxidized to nitrate by potassium permanganate, the 
second participant of the slow reaction (secondary re- 
action 2, below). These two partial reactions proceed 
very rapidly and the sequence of reduction and oxida- 
tion, that is, the reversible change N (V) = (III) goes 
on until all the permanganate is consumed and the 
color has vanished entirely. This series of reactions 
is that of a typical intermediate reaction catalysis. 
The summation of the equations representing the two 
rapid, partial reactions (1) and (2) gives the equation 
(3) for the reduction of permanganate by nascent 
hydrogen, which, of itself, proceeds slowly, but is 


rapid if nitrate is present. 
5NO;~ + 10H —> 5NO,- + 5H2O (1) primary reaction 
5NO.- + 2MnO,- + 6H*+ —— 


5NO;— + 2Mn*+t + 3H,0 (2) secondary reaction 





2MnO,- + 10H + 6H+ —> 2Mn*t + 8H:2O (3) =*(1) + (2) 


Procedure: A granule of zinc and two drops of 1 N 
sulfuric acid are placed in each of two adjacent de- 
pressions of a spot plate. As soon as a distinct evolu- 
tion of hydrogen is under way, a drop of 0.1 N potas- 
sium permanganate solution is added to each and 
mixed by blowing through a pipet. A tiny particle of 
potassium nitrate is dropped into one mixture. The 
color disappears completely within a few seconds, while 
the other mixture, that contains no nitrate and hence is 
uncatalyzed, does not begin to lose its color until 
several minutes have elapsed. The experiment can be 
repeated by again adding permanganate to the de- 
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colorized solution and, if necessary, a fresh particle of 
nitrate. The experiment shows the acceleration by 
nitrate of the reduction of potassium permanganate by 
nascent hydrogen. 

3c. Prevention of the Oxidation of ‘Molybdenum 
blue’ by Concentrated Nitric Acid in the Presence of 
Urea. Colorless, acidified solutions of alkali molyb- 
date are turned deep blue by metallic zinc (and other 
reducing agents). The blue is due to the formation of 
varying amounts of lower oxides of molybdenum 
(Mo20;, Mo2O;, etc.) or their soluble salts. Such 
systems are commonly referred to as ‘molybdenum 
blue solutions.’’ Molybdenum blue is gradually oxi- 
dized by atmospheric oxygen, and very rapidly by 
oxidizing agents of all kinds, including, of course, nitric 
acid. The solution is decolorized by a reaction that 
can be represented: 


3Mo.0; + 2HNO; —> 6MoO; + 2NO + H.O 


It has already been shown that nitric acid owes its 
oxidizing ability solely to its content of nitrous acid, or 
to the formation of the latter. However, nitrous acid 
is completely and almost instantly destroyed by urea. 


Consequently, molybdenum blue will resist the action 
of concentrated nitric acid if urea is present. The 
following experiment substantiates this statement. A 
solution of molybdenum blue is prepared by warming 
a five per cent solution of ammonium molybdate with 
zine and dilute sulfuric acid. A drop of the deep blue 
solution is placed in each of two adjacent depressions 
of a spot plate. Two drops of a saturated water solu- 
tion of urea are added to one portion, two drops of 
water to the other. Two drops of concentrated nitric 
acid are then added to both solutions and mixed by 
blowing through a pipet. The solution containing urea 
will remain blue for hours, while the other becomes 
colorless within a few seconds because the lower oxides 
of molybdenum are oxidized. 

A white precipitate forms in the blue solution con- 
taining urea; it consists of the difficultly soluble urea 
nitrate. This compound can be brought into solution 
by adding five drops of water. If this solution is com- 
pared subsequently with a blank test prepared by 
adding nine drops of water to one drop of molybdenum 
blue solution, the colors will be identical. 

3d. Prevention of the Oxidation of Potassium Thio- 
cyanate by Nitric Acid in the Presence of Sodium Azide. 
The foregoing experiments showed that molybdenum 
blue is not oxidized by nitric acid in the presence of 
urea because the real oxidizing agent, nitrous acid, is 
destroyed completely. The action of concentrated 
nitric acid on potassium thiocyanate in the absence or 
presence of a compound that destroys nitrous acid will 
be compared in the present experiment. Potassium 
thiocyanate is oxidized to cyanate and sulfate by 
nitric acid: 
3KCNS + 8HNO; + 3H,O —> 3KCNO + 3H2SO, + 8NO + 
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Consequently, if this oxidation occurs in the presence 
of barium chloride, precipitation of barium sulfate 
ensues. Urea cannot be used to remove nitrous acid 
in this instance because a precipitate of slightly soluble 
urea nitrate will be formed. Sodium azide is used: 


HNO, + 3HN; i 2H,0 + 5N2 


Therefore, if the oxidizing action of nitric acid is due 
solely to nitrous acid, a solution of potassium thio- 
cyanate containing barium chloride should remain 
unchanged on the addition of nitric acid, provided 
sodium azide is present. On the other hand, a pre- 
cipitate of barium sulfate will follow the addition of 
nitric acid if no azide is present. 


Procedure: Ten grams of potassium thiocyanate are 
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dissolved in 10 ml. of five per cent barium chloride 
solution. A black spot plate is kept at 120° for five 
minutes in a drying oven, or the plate is warmed on an 
asbestos mat heated by a gas flame. A drop of the 
KCNS-BaCl, solution is placed in each of two adja- 
cent depressions of the warm spot plate. A pinch 
(pen-knife tip) of sodium azide is added to one of the 
drops and stirred in with a thin glass rod. Two drops 
of concentrated nitric acid are added to each solution. 
After a few seconds, a strong evolution of gas occurs in 
the azide-free solution, while only a few bubbles of 
nitrogen appear in the other. When no more gas is 
given off, ten drops of water are added to each solution 
and mixed by blowing through a pipet. A precipitate 
of barium sulfate will be seen in the azide-free solution, 
whereas the other is perfectly clear. 


The College Chemistry Testing Program 
1941-1942 


ALEXANDER CALANDRA 


Brooklyn College, Brooklyn, New York 


During the past eight years the American Chemical Society through the Committee 
on Examinations of the Division of Chemical Education has codperated with the 
American Council on Education in an effort to provide the teaching profession with 


satisfactory chemistry examinations for nation-wide use. 


This article reviews the 


progress made in this direction with special reference to the 1941-1942 program. 


HE COLLEGE testing program for 1941-42 can 

be best described in terms of the following topics 
which give an indication of the significance of the vari- 
ous aspects of the program. These topics are: 


I. Courses covered by the examinations of the 
commnittee. 
II. Participation in the college testing program. 
III. National norms. 
IV. Vocational goals and examination scores. 
V. Type of college and examination scores. 
VI. Future of the testing program. 


For previous years all of the above topics have been 
considered by other members of the Committee and 
their detailed findings have been presented in earlier 
issues of the JOURNAL OF CHEMICAL EpDucarTION (1-7). 


I. UNDERGRADUATE COURSES COVERED BY THE 
EXAMINATIONS OF THE COMMITTEE 


A. General Chemistry. Up to the present time most 
of the efforts of the Committee have been in this field. 
The statistical summary of the number of tests and 
the number of colleges participating in the program is 
presented in Table 1. Although a new form of the 
test had heretofore been published annually, it was de- 


cided at the Buffalo meeting of the Committee that it 
would not be advisable to publish a new edition in 1943 
but to encourage the continued use of the 1942 form. 
The 1942 form is a 90-minute test which is completely 
described in the complimentary catalog of the distribu- 
tor (8). : 

B. Qualitative Analysis. This was the second sub- 
ject matter area developed by the Committee. Up 
to this time only one examination in this field has been 
available but the demand for a parallel form has re- 
sulted in the preparation of a 1943 edition which will be 
ready shortly. Like the other examinations of the 
Committee, both the new and old forms are of the ob- 
jective type and are‘available from one distributor. 

C. Quantitative Analysis. No examination in this 
subject has as yet been prepared but preliminary steps 
have been taken. Teachers who are interested in 
preparing, criticizing, or experimenting with such an 
examination are urged to communicate with the chair- 
man of the Committee.* 

D. Organic Chemistry. The first test in this field 
was published in 1942. Copies of this form are still 
available and a new edition is contemplated for 1943. 





* Dr. Otto M. Smith, Department of Chemistry, Oklahoma 
Agricultural and Mechanical College, Stillwater, Oklahoma. 
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The test covers two semesters’ work in the subject and 
is intended as a final examination. 

E. Physical Chemistry. A subcommittee has been 
formed to determine the objectives and subject matter 
which is common to the undergraduate courses in this 
field. It is expected that an examination will be 
available late in 1943. 

F. Topics in General Chemistry. In place of a new 
edition of the General Chemistry Test the Committee 
decided to experiment with short units covering small 
portions of the subject. Tests dealing with gases and 
the kinetic molecular theory, and oxygen, hydrogen, and 
water are under construction and favorable reception 
will result in the expansion of this work. 

G. Laboratory Topics in General Chemistry. The 
construction of a 50-minute examination to measure 
outcomes of laboratory work is under way and a pre- 
liminary experimental form will be available shortly. 

It is hoped that the program outlined above will 
eventually supply the teaching profession with a bat- 
tery of standardized examinations covering the usual 
undergraduate curriculum in chemistry. Teachers 
interested in any phase of this program are urged to 
communicate with the chairman of the Committee.* 
Sample copies of examinations in print can be obtained 
from the distributor.t High-school teachers are in- 
vited to join the committee and prepare a standard- 
ized examination in their field for nation-wide use. 


II. PARTICIPATION IN THE TESTING PROGRAM 
The number of tests distributed and the number of 
colleges which participated in each year are outlined 
in the following table. 


TABLE 1 


General Qualitative Organic 
Chemistry Analysis Chemistry 
(a) (b) (a) (b) (a) (6) 


1936-37 25,208 290 

1937-38 24,100 275 oe oe 

1938-39 25,947 287 2140 67 

1939-40 25,722 289 2584 82 

1940-41 25,750 295 2390 73 — oe 
1941-42 21,486 261 1917 61 1620 77 


Column (a) represents the number of tests distrib- 
uted. This figure includes copies of tests printed in 
previous years but distributed during this period. The 
number of students taking the examination is actually 
much greater than this, since some of the colleges used 
separate answer sheets and each examination was thus 
used several times. 

Column (5) represents the number of colleges using 
the tests. Foster (6) has shown that very few of the 
larger, nationally famous institutions have become 
interested in the program. The explanation of this 
fact may well be in the nature of the examinations as 
much as the attitudes of the larger institutions and the 
Committee is greatly interested in correcting this weak- 
ness in the program. 


III. NATIONAL NORMS 
As part of its service to the teaching profession the 


¢ The Cooperative Test Service of the American Council on 
Education, 15 Amsterdam Ave., New York City. 
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Committee makes available the relationship between 
the raw scores made on the examinations and the 
corresponding nation-wide percentile rankings. These 
findings make it possible for teachers to arrive at some 
comparative estimate of the effectiveness of their work 
in terms of the objectives of the examinations. 


TABLE 2 
NATIONAL CHEMISTRY PERCENTILES 
General Chemistry—1942 


The values in each column are the scores at or below which fall the per- 
centage of the cases indicated in the column at the extreme left of the page. 
For example, the bottom entry in the column headed ‘‘Part I’’ shows that a 
score of 11 or below was made by one per cent of the students included; or 
that the lowest one per cent of elementary chemistry students achieve 
scores of 11 or less on this part of the test, the second lowest one per cent 
achieve scores from 12 to 13, etc., and the highest one per cent achieve scores 
above 88. 


Co6pPERATIVE CHEMISTRY TEST, Form 1942 


Part lI 
General Part II 
Knowl- Appli- PartIV Total, 
edge cation Part III Total, Labo- Parts 
and of Scien- Parts ratory 
Infor- Prin- tific AE Sy Tech- 
mation ciples Method and III nic 


No. cases 7887 7887 7887 7887 7887 
No. colleges 131 131 131 131 131 
Mean 43.1 27.9 10.3 81.2 5.6 
Max. score 108 75 30 213 
Percentile 


174 
163 
156 
150 
145 
142 
138 
135 
132 
130 


121 


SOKRRFN NWOWWHO RADA DAI®WO ° 
SOCK KF REDD N NWOWWO PAR UY A AANNW ®BWOO'S OO 


SCHAOKWE ANQAOQN WO 


* For repeated entries, enter table with italicized value. 


Since the percentiles for examinations taken with 
answer sheets differ appreciably from those taken with- 
out answer sheets, percentiles for both methods are 
provided in the qualitative and organic tests. Per- 
centiles for the general chemistry test are given only 
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TABLE 3 
NATIONAL CHEMISTRY PERCENTILES 


Qualitative Analysis Test, Form Q and Organic Chemistry Test, Form S 

Final percentiles in terms of Final percentiles in terms of 
raw scores for students who re- raw scores for students who re- 
corded their responses to test corded their responses to test 
questions on the test booklets. questions on separate answer sheets. 


No. cases 


Or- 
ganic 
Chem- 

istry 


243 


Qualita- 
tive 
Anal- 

ysis 


401 


No. cases 


Or- 
ganic 
Chem- 

istry 


139 


Qualita- 
tive 
Anal- 
ysis 
311 
8 


No. colleges 21 15 
Max. score 223 93 
Percentile Raw Scores 


99 141 78 
98 139 74 
93 120 63 
90 114 60 
84 105 54 
80 99 51 
75 94 47 
70 91 46 
60 83 40 
50 75 36 
40 70 31 
30 64 26 
25 60 22 
20 57 19 
16 50 17 
10 43 12 

7 36 9 

2 25 2 

1 20 1 


No. colleges 1l 
Max. score 223 93 
Percentile Raw Scores 


99 121* 68 
98 121 61 
93 105 47 
90 101 42 
84 93 37 
80 87 35 
75 83 33 
70 82 30 
60 76 25 
50 69 20 
40 65 16 
30 60 12 
25 58 10 
20 53 
16 48 
10 41 

7 39 

2 27 

1 25 


* For repeated entries, enter table with value marked with asterisk. 
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for the answer sheet method. For the 1938-39 general 
chemistry test, Martin (4) found that the answer sheet 
scores were about 10 percentiles lower than the booklet 
scores. Ashford (7) has suggested a number of meth- 
ods for eliminating or compensating for this effect. 


IV. VOCATIONAL GOALS AND GENERAL CHEMISTRY TEST 
SCORES 


There is such a great difference in scores obtained by 
students having different vocational goals that the 
test scores have been classified according to this cate- 
gory. The differences revealed in this summary are 
typical of the results obtained in the last six years. 


V. TYPE OF COLLEGE AND GENERAL CHEMISTRY SCORES 


Most of the information given in this section could 
be inferred from Table 4, but it is presented here as a 
source of accurate information in this connection. 

An attempt was made to compare the scores of those 
colleges accredited by the American Chemical Society 
and those which were not accredited. The number of 
accredited colleges taking the test was so small, how- 
ever, that the results were not conclusive. By and 
large the results indicated in Table 5 corroborate the 
findings of previous reports (1-7), which, in addition, 


TABLE 4 


NATIONAL CHEMISTRY PERCENTILES 


General Chemistry Test—1942, 





Chemical 
Engineer 


202 
193 
181 
174 
164 
157 
151 
144 
134 


Chemist 


197 
191 
176 
170 
158 
151 
144 
137 
124 
113 124 
103 115 
93 102 
87 94 
80 87 
74 82 
64 69 
56 63 
41 50 
38 45 
517 384 


Type of College 


Men’s liberal arts college 
Women’s liberal arts college 
Coed. liberal arts college 
Teachers college 


Junior college 
Other 


$2 FH Om 90 00 


Agricultural or technical college 
Engineering college or department 1153 


Secondary 
School 
Teacher 


171 
154 
131 
119 
143 111 
139 104 
121 95 
117 111 91 
108 105 84 
99 96 75 
90 90 67 
80 79 57 
74 63 53 
69 60 50 
64 52 ‘ 46 
55 35 41 
51 28 36 
37 27 28 
33 22 25 
1768 54 283 


College 
Teacher 
203 
175 
172 
153 


Engineer 

(Other) 
184 
172 
149 
142 
131 
126 
122 


Raw Score 


in terms of Vocational Goals 


Home 
Economist 


129 
167 120 
142 104 
133 98 
122 87 
116 82 


Science 
Major 
177 


Business- 


man Physician 


174 
168 
145 


138 


Farmer 


119 162 
105 147 
88 120 
83 110 
77 102 126 
73 95 119 
67 88 114 110 78 
63 84 108 105 74 
54 77 97 94 67 
46 73 86 84 58 
40 69 77 75 52 
36 61 68 67 46 
33 56 64 62 43 
31 50 60 57 41 
28 47 54 53 37 
24 41 47 46 32 
22 37 43 42 29 
18 29 31 27 22 
10 27 29 23 19 
269 184 913 476 578 


TABLE 5 


MEAN SCORES ON THE PARTS AND TOTAL OF THE COOPERATIVE GENERAL CHEMISTRY TEST FOR COLLEGE STUDENTS, ForM 1942, CLASSIFIED ACCORDING TO 
Type or COLLEGE 


—MEAN Raw ScorE———- 





Part l Part II 
General A pplication 
Knowledge and of 
N Information Principles 


596 45.0 
628 37.7 
2837 44.5 
316 36.8 
854 35.3 
52.0 
40.3 
40.8 


670 
833 


Part III 
Scientific 
Method 


11.5 
8 


Total, Parts 


Laboratory 
I, II, 1iI, and IV 


Technic 


Total, Parts 
I, II, and III 


86.5 
70. 


8. 
10.8 83. 
7.8 64. 
re 64. 
104. 
75. 
75. 


CONOeK ea 
auNr Roe Oo 
to © wow O @ oo 





144 


give many data indicating the effect of age, sex, credit 
hours of instruction, answer sheets, and high school 
training. The writer did not believe that the compila- 
tion of more data of this type would be of much inter- 
est or value at this time. 

Great care should be used in interpreting such studies 
as are already in the literature. It cannot be too 
strongly emphasized that differences that are ob- 
tained within any category depend not only upon the 
category but often upon a number of unstated but 
closely associated factors. Thus all the information 
which has been accumulated shows that women make 
lower scores on the examinations of the Committee. 
This does not prove, however, or even indicate that 
women are inherently inferior to men in their ability 
to do well on such examinations. It must be noted 
that the scores involved in such studies are scores of 
women in the field of home economics and similar 
areas of learning and that for reasons not necessarily 
related to ability, such students cannot be directly 
compared with engineering students, for example. 


VI. THE FUTURE OF THE TESTING PROGRAM 


The program of the Committee has been constantly 
expanding and it is hoped that this work will be of 
increasing service to the profession. The construction 
and distribution of nation-wide examinations in the 
various areas of chemical instruction can go a long way 
in reducing and integrating the separate and repetitious 
efforts of individual instructors and it is the belief of 
the writer that the greatest progress can be made in 
this direction by: 

1. The codperation of the larger colleges and uni- 
versities in this country. At present very few of these 
institutions use the tests of the Committee and while 
it may well be that the reason for this is as much the 
nature of the examinations, as the attitude of the in- 
stitutions, it is to be regretted that there has not been 
more active participation in a program which can be of 
such value to chemical education in this country. 

2. The recognition on the part of educational ad- 
ministrators that sound research and constructive ef- 
fort in the field of chemical pedagogy is at least as valu- 
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able as corresponding work in the field of chemistry 
proper. It is very unfortunate that so many of the 
ablest members of collegiate departments of chemistry 
spend so much of their time in perfunctory research on 
specialized topics of personal interest that they can 
devote little to the serious, continuous reconsideration 
of the philosophy and methods of chemical pedagogy. 
The inevitable outcome of this practice is the situation 
which is so elegantly summarized by the student letter 
reprinted in an editorial of this journal (8). 

It has been only with the codperation of the large 
number of colleges and universities throughout the 
country that the program of the Committee has been 
possible and the Committee gratefully extends its 
thanks to these institutions and to the Codperative 
Test Service of the American Council on Education 
which has given so freely of its technical advice and 
assistance. In conclusion the writer wishes to thank 
Dr. Otto M. Smith for his helpful criticisms and sug- 
gestions in connection with this article. 

The Committee on Examinations and Tests, Division 
of Chemical Education: 

THEODORE ASHFORD B. CLIFFORD HENDRICKS 

ALEXANDER CALANDRA FRANK D. MARTIN 

J. 5S. CoLes EARL W. PHELAN 

Ep. F. DEGERING RuFus D. REED 

LAURENCE S. FOSTER 

Otto M. Situ, Chairman 
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Atom Is Unpredictable 


“SINCE the discovery of the electron and the 
quantum and methods of detecting or even counting 
individual atoms, it has been possible for scientists to 
undertake investigations of the behavior of single 
atoms. Here they have found unmistakable experi- 
mental evidence that these phenomena depend upon 
the laws of probability and that they are just as un- 
predictable in detail as the next throw of acoin. If, 
however, we are dealing with large numbers of such 
atoms the behavior of the whole group would be 
definitely determined by the probability of the in- 
dividual occurrence and therefore would appear to be 


governed by the laws of cause and effect... . 

“The time at which an alpha particle will be emitted 
from a radium atom is inherently unpredictable. It 
would be totally contrary to the teachings of modern 
physics to suppose that our inability to predict such an 
event is merely due to our ignorance of the conditions 
surrounding the particular atom. The uncertainty 
principle requires that even if these conditions were 
absolutely fixed, the time of emission and the direction 
of emission of the alpha particle are subject to the laws 
of chance and thus for a single particle are unpre- 
dictable.”’ —IRVING LANGMUIR 
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lodomercurates 


MARTIN MEYER 
Brooklyn College, Brooklyn, New York 


OME of the data concerning these compounds 
as recorded in the literature are inaccurate, 
although the compounds have been known a long 
time.! They have received relatively little attention 
in spite of the fact that they are used in thermal paints 
and have interesting possibilities for analytical pur- 
poses. 
The writer prepared some by the double decompo- 
sition reaction: 


RA + K:Hgl, s KA + RIm 


where RA is a soluble metallic salt and Im designates 
one of the iodomercurate complexes, using dissolved 
equivalents of purified material. 

Of the 24 ions of the usual qualitative analysis 
scheme, Ag, Pb, Hg’, Cu, Bi, Cd, and Sb yield precipi- 
tates under these conditions. 

1. Silver Iodomercurate. The yield is quantitative. 
The precipitate is an amorphous yellow powder at 
ordinary temperatures. The compound must be 


dried at room temperature because even at 100°C. 


its composition changes. This is true of all these 


compounds. + 

It was analyzed for Ag by treatment with aqua 
regia and filtration of the AgCl with the usual proce- 
dure. It cannot be ignited to metallic silver with ac- 
curacy. The formula is AgsHgl,, Ag 23.4%, found 
23.9%. Gallais? found the same formula. Specific 
gravity 25/4 is 6.02. 

It has an easily reversible transition point to an 
orange modification at 51.2°C., a temperature about 
which there seems to have been some disagreement. 
The compound is photosensitive and darkens on 
exposure to light. 

2. Lead Iodomercurate. The yield is 85%. .The 
precipitate is an amorphous orange-red powder. It 
was analyzed for Pb by evaporation with aqua regia, 
then with nitric acid, solution and precipitation of 
PbSO,. It may be ignited to the oxide with fair 
precision. Theory for PbHgl,, Pb 22.6%, found 
27.0%. The lead content is consistently high and 
seems to correspond to a basic salt of the composition, 
Pb(OH)2, 3PbHgIy. Specific gravity 25/4 is 6.16. 

It has a transition point to a yellow modification 
at 133.8°C. The return to the first form is not as 
rapid as for silver and copper. 

3. Mercurous Iodomercurate. The yield is 95%. 
The precipitate is an amorphous yellow-orange powder. 
It was analyzed for Hg by conversion to HgCl, using 


1 MELLOrR, ‘‘Comprehensive Treatise.” 
2 Comp. rend., 200, 836 (1935). 
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aqua regia. The formula is HgHgl;, Hg 51.3%, 
found 51.9%. Specific gravity 25/4 is 6.92. The 
compound is photosensitive and darkens on exposure 
to light. 

It has several transitions, not as sharp as in the 
other cases, tending to red above 160°C. It has a 
fairly definite transition to orange-red at 172.6°C.; 
to deep red at 220.1°C.; and melts quite sharply to 
a red mass at 224.4°C. 

4. Cuprous Iodomercurate. Starting with a cupric 
salt, the yield is 83%. The solution should be boiled 
to evaporate the free iodine. The precipitate is a 
microcrystalline red powder. It was analyzed for 
copper by evaporation with aqua regia, then with 
nitric acid, and ignition to the oxide. It cannot be 
directly ignited to the oxide with accuracy. The 
formula is CuuHgly, Cu 51.3%, found 51.9%. Specific 
gravity 25/4 is 5.97. 

It has an easily reversible transition point to a 
purple-brown modification at 66.6°C. This is usually 
given as 71°C. 

5. Bismuth Iodomercurate. Using 100 ce. of each 
of the starting solutions there are obtained 10 g. of a 
reddish precipitate which is Hglz. When this is 
filtered off from the warm solution, there are obtained 
from the filtrate on standing, if the solutions are warm 
initially, 6 g. of a purple-black microcrystalline powder 
which contains bismuth. On analysis, by evaporation 
with aqua regia, then nitric acid, and ignition to the 
oxide, there is found Bi 21.0%. This could correspond 
to a basic salt of the formula Bi(OH)Hgiy. The 
composition, however, varies. The substance has no 
transition point up to 300°C. 

6. Cadmium. Using 100 cc. of the solutions there 
are obtained 5 g. of a red precipitate which is Hgl». 
With a considerable original excess of KI there is no 
precipitate. Without the excess the reaction is 


K.Hgl, “fe Cdl, 2 K,CdI, f Hgl. 


7. Antimony. Whether a precipitate is obtained 
or not is determined by the pH of the solution. The 
precipitate is variable in composition and consists of 
hydrated antimony oxide. 

A very effective lecture experiment illustrating tran- 
sition points may be done using copper and silver 
iodomercurates, as follows: 

Seal the solid compounds in narrow bore glass 
tubing, thus making colored stirring rods. Stir hot 
and cold water alternately. The rapid and brilliant 
changes in color are very striking. These stirring 
rods are useful in making up photographic solutions. 
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The lead and mercurous compounds may be em- 
ployed for a similar experiment if one substitutes hot 
sulfuric acid for water. The return to the original 
state in these cases is slower. In the case of the 
mercurous compound rapid cooling produces a yellow 
modification which then exhibits a yellow-orange 
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transition point at a lower temperature. The yellow 
modification changes slowly to the original on standing 
or mild continued warming. 

The writer has also used conversion of the silver 
to silver iodomercurate for yellow toning for photo- 
graphic prints. It gives a rich yellow. 





Laboratory Experiment on Deliquescence and Efflorescence 


OTTO F. STEINBACH, City College, College of the City of New York, New York City 


A SIMPLE experiment on deliquescence and efflor- 
escence that can be performed by the individual student 
should be of distinct value in the teaching of the chemi- 
cal principles involved. The fol“owing experiment il- 
lustrates the phenomena of deliquescence and efflores- 
cence and emphasizes the distinction between them. 
It also furnishes a good application of the principles of 
the kinetic molecular theory and of the hygrostat. 

Place a small amount of anhydrous copper sulfate in 
the bottom of a clean dry test tube. Holding the tube 
horizontally, place four or five clear crystals of hy- 
drated sodium carbonate in the mouth of the test tube. 
Using a stirring rod, push the crystals into the test tube 
until they are within an inch or so of the copper sulfate. 
Stopper the tube and set aside in a horizontal position. 
In a short time (one-half hour) the anhydrous copper 
sulfate turns blue and the surface of the sodium car- 
bonate becomes covered with dehydrated salt. Thus 
it has been demonstrated that the crystals of hydrated 
sodium carbonate must have lost water vapor (efflor- 
esced) and likewise the anhydrous salt gained water to 
form crystals (solid) of hydrated copper sulfate. 

To illustrate the phenomena of deliquescence and 
efflorescence and the distinction between them is rela- 
tively simple. Place four or five crystals of hydrated 
sodium carbonate in a clean dry test tube. Holding 
the tube horizontally, place one lump of anhydrous 
calcium chloride in the mouth of the test tube and use a 
stirring rod to push it to within an inch or so of the bot- 


tom. Stopper and set aside in a horizontal position. 
In about two hours the calcium chloride deliquesces and 
forms a saturated solution of calcium chloride, and 
the hydrated sodium carbonate effloresces and becomes 
coated with dehydrated salt. Thus, both deliquescence 
and efflorescence and the distinction between them have 
been shown. 

Variations of the experiment can easily be made. 
Thus, various hydrates may be used in this test tube 
hygrostat, the distance between the two different salts 
can be varied, and the temperature can be changed 
simply by using an oven set at, say, 40°C. to acceler- 
ate the change. 

Obviously, the time it takes for the desired result to 
appear depends upon the temperature, as this deter- 
mines the vapor tension of the hydrate and also the 
velocity of the water molecules in the vapor state. The 
effect of the distance between the two salts (tempera- 
ture constant) can be easily shown and also explained 
in terms of the kinetic molecular theory and illustrates 
the effect of having ‘“‘molecules” of air interposed be- 
tween the two salts in terms of molecular collision. 
To illustrate mean free path, the student could be asked 
to predict the result if the test tube containing the hy- 
drated sodium carbonate and the anhydrous copper 
sulfate were evacuated. Finally, the fact appears that 
the vapor tension of a hydrate, in equilibrium with its 
saturated solution, must be the same as that of the 
saturated solution. 





Junior Engineers Needed 


HUNDREDS of appointments of women are to be 
made for civilian war service, at salaries of $2000 per 
year. Women college graduates who hold degrees in 
technical subjects, including six units in strictly en- 
gineering fields are eligible. Other college graduates 
will be eligible after completion of special courses given 
at many institutions under the Engineering, Science, 
and Management War Training program. Duties 


will include the performance of professional engineering 
work, under immediate supervision, such as testing and 
inspecting engineering materials, designing or testing 
apparatus and machinery, assisting in experimental 
research, preparing plans for minor projects, preparing 
maps, making computations, preparing reports and 
technical correspondence, Full information may be 
had from the United States Civil Service Commission. 





HIGH-SCHOOL CHEMISTRY 


High-School Science and the Man-power Problem 


A Report’ 


IHE COOPERATIVE Committee on Science 

Teaching has prepared a report on “‘High-School 
Science and Mathematics in Relation to the Man-power 
Problem.” Five major needs for the work of young 
people are considered: 

1. The armed forces need men immediately with a 
practical technical training. 

2. The armed forces need a continuous supply of 
scientifically trained workers. 

3. Industry needs workers immediately with prac- 
tical technical training. 

4. Industry and civil life need a continuous supply 
of scientifically trained workers. 

5. Business and agriculture need the services of boys 
and girls. 

High-school science and mathematics are needed by 
the young people who will help to meet the man-power 
needs described in the first four of these five categories. 
Pre-induction training of a practical technical sort is 
needed by the great majority of boys who will go into 
the armed forces. Similar training is needed by girls 
who will go jnto industry as well as by boys who go into 
industry after failing to pass the Army physical exami- 
nation. Scientific education of a more thorough kind 
is needed by the boys and girls who prepare to fill the 
needs of armed forces, industry and civilian activity 
for a continuous supply of scientifically trained work- 
ers. The report of the Committee continues as follows: 

Several proposals have been made for the development of war- 
time courses in physics and mathematics in the high schools. These 
proposals look toward supplementing the established high-school 
sequences in science and mathematics, which are taken by a 
minority of students. It is agreed that the orthodox high- 
school courses in physics and chemistry and botany and zodlogy, 
as well as the courses in advanced algebra and trigonometry, are 
good preparation for further scientific work in college. The new 
wartime courses are designed for students who are not following 
the science and mathematics sequences. They are expected to 
help these students get sufficient technical and mathematical 
background to shorten the time that will be needed to train them 
for simple technical jobs after they are inducted into the armed 
forces. 

A set of five pre-induction courses has been outlined by the 
Pre-Induction Training Section of the War Department and 
published jointly by the War Department and the United States 
Office of Education.? These courses are in elementary electricity, 
elementary machines, elementary shopwork, automotive me- 
chanics, and radio. They are practical technical courses, emphasiz- 


1 Prepared by Martin V. McGill, George Williams College, 
Chicago, Illinois. 

2 “War Department: Pre-Induction Training Courses. Funda- 
mentals of Electricity; Fundamentals of Machines; Fundamen- 
tals of Shopwork; Fundamentals of Radio; Fundamentals of 
Automotive Mechanics,’’ Washington: Government Printing 
Office, 1942. 


ing work with tools and electrical and mechanical devices. The 
three elementary courses are one-semester courses; the other 
two are one-year courses. These courses are the result of an 
analysis of army jobs, which shows that a large proportion of en- 
listed men in the army need a knowledge of elementary electricity, 
machines, and shopwork; and substantial numbers of men need a 
more advanced knowledge in the fields of radio and of auto and 
airplane mechanics. In order to keep the terminology of this re- 
port clear, the term ‘‘pre-induction course” will be used only 
when referring to these courses which have been planned by the 
War Department. Other courses may be used for pre-induction 
training, but they will not be called pre-induction courses in this 
report. 

An emergency physics course has been designed for students in 
the junior year of high school as preparation for more advanced 
physics or for technical courses. 

A war mathematics course is being developed, under the aus- 
pices of the United States Office of Education, which is somewhat 
analogous to the pre-induction physics courses but is not, at this 
writing, an official pre-induction course. This course, planned 
to take one year, is an advanced general mathematics course, de- 
signed for fairly able students who have not pursued the mathe- 
matics sequence in high school and therefore cannot take ad- 
vanced algebra or trigonometry. 

Another type of mathematics course—an arithmetic refresher 
course—has also been suggested and is now in operation in In- 
diana. This course, of two periods per week for one semester, 
reviews mathematics that is usually taught in the elementary 
school through the eighth grade. It is provided for all students 
in the last two years of high school who fall below a certain level 
on an arithmetic screening test. 


These are the principal proposals for wartime courses 
in physics and mathematics. The secondary schools 
are called upon to introduce some of these courses as a 
means of helping to meet the man-power emergency. 
Naturally, they want to make such changes as will be 
really useful. However, in the interest of efficiency 
they want to introduce these courses into the curricu- 
lum structure with a minimum of dislocation of existing 
courses. They want to make existing courses serve as 
far as possible. 

The Committee in four separate sections has under- 
taken to suggest. ways of reorganizing the physics, bi- 
ology, chemistry, and mathematics program of the 
high school so as to achieve the immediate goals with- 
out unnecessary sacrifice in other areas. New courses 
are not proposed in chemistry or biology. But modi- 
fications and new areas of emphasis are suggested as 
means of making these sciences more useful in meeting 
man-power needs. 

The section of the Committee report which deals with 
the proposal for training in high-school chemistry 
follows: 


World War I gave an unprecedented impetus to chemistry. 
Following the war, chemistry was popularized to such an extent 
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that high-school enrolments in chemistry during the past twenty- 
five years have kept pace with the growing school population. 
During this period a steadily expanding chemical industry has re- 
quired a constantly increasing supply of trained personnel vary- 
ing in level from the routine analyst, whose education may have 
stopped at the high-school level, to the trained research chemist 
and chemical engineer with years of special preparation. High- 
school chemistry courses have been sufficiently attractive to ma- 
terially assist industry in meeting its personnel needs in this 
field. Consequently, at the beginning of World War II there 
was an adequate, though not excessive, supply of chemists for es- 
sential and key positions. However, there are now serious 
threats to a continuous supply of chemically trained personnel. 
Many routine analysts and technicians have been withdrawn 
from industry by Selective Service during the past year. Many 
college men have been diverted from a normal selection of chem- 
istry as a major, and the eighteen- to twenty-year-old men, who 
might normally enter this type of work in industry, will not be 
available. It is therefore increasingly important that the high 
schools provide adequate opportunity and stimulus for the prepa- 
ration of sufficient numbers of chemists, trained to meet critical 
needs as they arise in the present emergency and in post-war ad- 
justment and construction. 

The present high-school course in chemistry will require little 
change to make it effective as a basic course for meeting these 
needs. The chemistry teacher should teach more thoroughly cer- 
tain carefully selected fundamentals of chemistry, together with 
applications most appropriately geared to war needs particularly 
as they affect his community. This may well mean that less 
ground is covered. There must be re-emphasis in some areas. 
The new emphasis may well be placed in five specific areas of ap- 
plication, as follows: 

Chemistry and Pre-induction Courses. All boys will need an 
understanding of certain chemical principles for their post-induc- 
tion technical training. These principles may be found through 
an examination of the War Department’s pre-induction courses. 

Chemistry and Industry. Industry demands a supply of tech- 
nicians and of research workers prepared for production and 
analytical work in electrochemical and metallurgical operations. 
Our industrial economy, both in peace and war, requires a con- 
stant production of fuels, lubricants, fertilizers, plastics, rubber 
substitutes, and other materials. The high-school course in 
chemistry should be somewhat modified to meet the needs of local 
chemical industries, which may require considerable numbers of 
new workers, either women or men, assigned to this work as es- 
sential to the conduct of the war. 

Chemistry and Strategic Materials. Chemists must assist in 
meeting unprecedented demands for the preparation and con- 
servation of strategic materials. More than ever before the 
chemistry teacher must stress the conservation of natural and 
man-made resources. The requirements will be constantly 
changing. What may be strategic material today, such as rub- 
ber, may tomorrow be produced in such quantities as to make the 
natural sources no longer a vital factor. Again, as stock piles are 
consumed, what appears plentiful today may become vitally 
strategic tomorrow. Other materials, such as tin, are now, and 
probably will continue to be, strategic. 

An effective understanding of the relation of chemistry to in- 
dustry and to stategic materials demands a knowledge of the 
geography of chemical resources and of chemical industry. This 
might well include the location of raw materials from which met- 
als and important chemicals are obtained, and the location of 
such energy sources as coal, petroleum, water power, and natural 
gas. In addition to knowing the actual location of essential 
chemical resources, it is important to understand the geographical 
relationship which determines the locating of chemical industries 
with respect to sources of raw materials. 

Chemistry and Biological Applications. The present situation 
makes it imperative that all persons whether at home, in industry, 
or in the armed forces, have a working knowledge of the scientific 
principles which affect their health and efficiency. Chemistry 
should supplement the student’s knowledge gained in his study 
of biology as it relates to his choice of food under a variety of 
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conditions, either on the home front or under rigorous warfront 
activity, and to his use of the principles of water purification and 
sewage disposal and the simpler principles involved in the effec- 
tive use of antiseptics, drugs, vitamins, and the like. 

Chemistry and Agriculture. Agriculture is basic to the success- 
ful waging of the war and the winning of the peace. With a de- 
creasing supply of farm labor and inability to replace farm 
equipment, the American people must make more effective use of 
the scientific principles involved in both plant and animal growth. 
They must be trained to use wisely those food products provided 
under a system of rationing. Of particular value is a knowledge 
of fertilizers, insecticides, and fungicides, and appreciation of the 
vast contributions of farm and forest products to insure a con- 
tinuous flow of plastics, alcohol, paper, and other organic products 
into our industrial and war machines. Such needs as these indi- 
cate clearly the importance of including the simpler principles of 
organic chemistry in the high-school chemistry course. 


PROPOSED POLICIES 


With respect to the teaching of chemistry, the emergency 
brings certain problems which must be considered in each school 
in relation to the local situation. One of these problems relates 
to the selection of pupils for the basic chemistry course. Short- 
ages of teachers and laboratory equipment and chemicals may re- 
quire more exacting entrance tests. Since chemistry and physics 
are generally considered as eleventh- or twelfth-grade courses, 
the Committee recommends that the same procedure be used in 
selecting students for each of these basic courses. A science apti- 
tude test should be given at the end of the tenth grade with a 
view to guiding students who show special aptitude and interest 
in science into the basic course in chemistry. All boys whose 
records in science and mathematics and intelligence ratings indi- 
cate the ability to do good work in science should be encouraged 
to take a science sequence. 

Records of girls should be studied similarly with a view to 
guiding them into courses in chemistry when their interests, their 
records on science aptitude tests, and other school records indicate 
that fundamental training in chemistry will enable them to do 
analytical and other routine work in industrial chemical labora- 
tories (determined by local needs) or to enter training for nursing 
or other fields, such as home economics, in which a knowledge of 
chemistry is fundamental. High-school chemistry is a prerequi- 
site for most hospital-training courses. Girls will find that a 
good training in high-school chemistry is a distinct asset in meet- 
ing the demands of the intensive nurses’ training program, which 
during the emergency will be considerably shortened. 

Five pre-induction courses involving fundamentals of electric- 
ity, radio, machines, shopwork, and automotive mechanics have 
been outlined by the War Department. Mastery of these courses 
requires an understanding of many simple chemical principles. 
If the chemistry teacher does not teach these pre-induction 
courses, it will frequently be helpful for him to coédperate with 
the teacher of electricity, machines, and automotive mechanics 
in providing for the pupil correct and adequate training in the 
chemical principles and information considered fundamental. 
It has been suggested already that the chemistry needed in these 
courses should be stressed in the basic chemistry course. The 
chemistry considered fundamental to a mastery of these courses is 
as follows: 

1. The chemical nature of fuels and the chemistry of combus- 
tion of all types of fuels. 

2. The laws and principles involving matter and energy, as 
applied to the operation of engines and machines. 

38. A working understanding of a wide variety of terms and 
concepts related to solutions and change of state in solids, liquids, 
and gases. 

4. An understanding of the chemical principles and theories 
that help to explain electrochemical processes, with particular 
reference to the storage battery. 

The development of special emergency courses in applied chem- 
istry is not desirable. The needs for post-induction training in 
chemistry are too specific to be met effectively: by general pre- 
induction courses. 
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In conclusion, it appears that American chemical in- 
dustry must do more than supply the major part of the 
chemical needs of the United Nations during the war. 
In addition, American chemists and the American 
chemical industry will have to aid in reconstructing 
and expanding the chemical industry of the entire world 
after the war, as well as supply the chemicals needed dur- 
ing the reconstruction period. To meet this tremendous 
responsibility, high-school chemistry teachers must re- 
cruit and start the training of fully as large an army of 
young chemists as was being produced before the war. 


A Plea for the Cubic Centimeter 


To the Editor: 


I should like to make a plea to return to a general use 
of the term cubic centimeter instead of the tongue 
twisting and confusing milliliter. 

The cubic centimeter was used originally to denote 
the volume of water, 
at its supposed maxi- 
mum density of 4° 
centigrade, of a cube 
exactly one centimeter 
on edge. It was 
found afterward the 
maximum density of 
water is at 3.98°C. 
The liter is defined by 
theInternationalCom- 
mission of Weights 
and Measures as the 
volume occupied by 
the mass of one kilo- 
gram of pure water at 
its maximum density 
and under normal at- 
mospheric _ pressure. 
The milliliter is de- 
fined as ° one-thou- 
sandth of a liter. 
Thus the milliliter has 
a volume 0.0003 larger 
than a cubic centi- 
meter. More exact 
values from different 
sources give the milli- 
liter as having a vol- 
ume 0.000027, 
0.000028, and 
0.000029 greater than 
the cubic centimeter. 
The difference is so 
slight it cannot be 
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Copies of the complete report and a previous report 
of the Committee on “The Preparation of High-School 
Science Teachers’ may be obtained by writing to Dr. 
Robert J. Havighurst, Chairman, Coéperative Com- 
mittee on Science Teaching, University of Chicago, 
Chicago, Illinois. 

Correspondence concerning this report and problems 
relating to high-school chemistry is invited by the Com- 
mittee on High-School Chemistry of the American 
Chemical Society, Dr. B. S. Hopkins, University of 
Illinois, Urbana, Illinois, chairman. 





determined by ordinary means of measuring volumes. 
Burets and other means of measuring volumes very 
rarely are measured more accurately than two deci- 
mal places in terms of cubic centimeters or milliliters. 

Cubic centimeter can be pronounced more quickly 
and with less use of the tongue than the term, milliliter. 
It must be admitted cc. can be written more quickly 
and easily than ml. 
It has been found fre- 
quently that begin- 
ning students confuse 
the terms milliliterand 
millimeter. Some- 
times calculations are 
made* wherein milli- 
liters are converted 
into cubic millime- 
ters. This adds to 
the confusion of stu- 
dents in interpreting 
the terms. A good 
deal of confusion is 
avoided by using cubic 
centimeter instead of 
milliliter. 

The other terms 
(cubic meter, cubic 
decimeter, and cubic 
millimeter) use ‘“‘cu- 
bic’? in connection 
with the unit of 
length, to denote vol- 
umes. Since the dif- 
ference between the 
units is so small as 
not to be capable of 
measurement by usual 
means, why should an 
exception be made in 
the use of the term 
most often used by 
scientists for denoting 











volumes? Why should not chemists and other scien- 
tists use the term that can be pronounced and written 
more easily and quickly? 

V. T. JACKSON 


UNIVERSITY OF FLORIDA 
GAINESVILLE, FLORIDA 


Doing a Job? Yes! 


To the Editor: 

I have just had a little experience on a problem that 
involves all kinds of chemistry teachers. Since I am 
fairly new at this game of high-school chemistry teach- 
ing, my knowledge of the stand that the American 
Chemical Society and our journals have taken on this 
situation is not very great. But I feel, as I am sure 
those others who have had similar experiences, that 
there should be some definite attempt to remedy the 
situation. 

About six weeks ago a student who works in a local 
filling station brought in a sample of a new type 
“permanent” antifreeze. His boss had begun to 
wonder about it for the stuff had crystallized in the 
jugs. I had some experience with calcium chloride 
antifreezes six or seven years ago while working in the 
research department of Commercial Solvents Corpo- 
ration. So I felt this was one of the same type that has 
appeared several times during the past twenty years. 
Tests soon revealed that my idea was correct. Know- 
ing the corrosion difficulties encountered with this 
material in automotive systems I suggested that we 
run some simple corrosion tests as a class project, and 
we found that it was particularly corrosive on aluminum 
and copper. We then tried to estimate the cost of this 
particular preparation and considered it at some length. 
Then the students in other classes asked about this and 
it was called to their attention. I was very pleased 
with the interest in this problem until I received a call 
from one of the men who was selling this material. He 
really raked me over the coals, and some more for stat- 
ing that this stuff that he was selling was no good and 
that it was not worth $2.65 a gallon. 

I went to his place of business and showed him the 


4 See also page 133. 
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reasons for my statements and also made arrange- 
ments to let him see some actual tests that had been 
made on his product. Of course he was not convinced 
because he bought about $5000 worth of the stuff and 
was worrying considerably about that. Now he is 
still wondering, and so are some of the other dealers 
of this antifreeze in Terre Haute for a variety of diffi- 
culties are facing them. 

The thing I wonder about is why there is not more 
publicity given to such frauds? Perhaps it is the duty 
of the teachers to warn against such harmful materials, 
to try and help the poor public so that they will not be 
such suckers. If so, it is a mighty big job. Shoulda 
few of us continue to stick our necks out and condemn 
such practices, or should we just become cynical and 
avoid such situations as these? 

Since this experience I find that there are about six 
other calcium chloride antifreezes on the market. A 
communication from the automotive section of the 
Bureau of Standards informs me of the correctness of 
our diagnosis of this situation. Still, unless one knew, 
he might be a victim very easily. 

Also I have learned, and so far kept rather quiet, 
about these tire preservatives that are so common now. 
Some of them are sodium silicate which on drying 
becomes abrasive. Am I doing my job? 

WILLIAM G. KESSEL 


WiLey HicH ScHooL 
TERRE HAUvTE, INDIANA 


Tetryl 
To the Editor: 

Permit me to point out an error in ‘‘A Brief Course 
in Chemistry and Warfare,” by S. J. French in the 
January issue, page 34... ‘“‘tetryl (tetranitroaniline).” 
Tetranitroaniline has been used for military purposes, 
but has been found too unstable; 7. e., in seven or 
eight years’ normal storage, it has been known to ex- 
plode spontaneously. ‘“‘Tetryl’’ (trinitrophenylmethyl- 
nitramine) is sometimes erroneously called ‘‘tetranitro- 
methyl aniline,” but never ‘‘tetranitroaniline.”’ 


A. T. BurTSELL 
COLLEGE OF THE CITY OF NEw YorkK 
NEw York, NEw York 


“Although a great deal of emphasis has been laid on the fact that essential workers are vital to war 
production, there is still much work ahead in registering this fact with the public, and with the workers 


themselves. 


“Occupational deferment usually indicates that a man is making a more valuable contribution to 
the war, right now, than if he were in uniform. Such men should remember that our fighting men need 
materials and supplies to carry on their fight, plenty of them. 

“It is the War Manpower Commisson’s job to see that the nation’s manpower is properly al- 
located—to supply the men for our fighting forces through Selective Service, and at the same time to 
supply the workers for producing the goods those fighting men need. We are in the position to see the 
over-all picture—the over-all need—which the individual worker cannot see. 

“We realize how difficult it is for workers in civilian clothes to explain to their friends and neigh- 


bors why they are not in the armed forces. 


in civilian clothes may be anxious to join the armed forces. 


The public should realize that the young, able-bodied man 


It simply happens that his work is too 


important to induct him at this time, or, perhaps he may have already been considered and did not 
measure up to the physical standards of the armed forces, even though he has a healthy outward ap- 


pearance.”’ 
—Chairman Paul V. McNutt of the War Manpower Commission 
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HE BEST definition of an explosive is probably 
that of Tenney L. Davis, who states that ‘‘an 
explosive is a material capable of causing an explosion 
by its own energy.”’ He goes on to point out that the 
characteristics of an explosion are familiar to everyone, 
and it is probably easier to recall familiar instances of 
explosions than to define an explosion satisfactorily. 
Thus, everyone has seen a toy balloon burst, and an 
internal combustion engine running. It is only neces- 
sary to point out that neither of these events involves 
an explosive; indeed, the energy in the first case is not 
supplied by chemicals, but merely by that stored up in 
compressed air. An explosion, then, merely involves 
the sudden release of potential energy; when a material 
is the source of the energy, the material is an explosive. 

Most of the common ideas associated with explosives 
are incorrect to the extent that they apply to only a 
few, practically unimportant, members of the class. 
To be practical, an explosive must be stable chemically 
and safe to handle—two properties which are popularly 
denied to explosives. 

It is probably easiest to discuss the historical de- 
velopment of explosives as it parallels the development 
of chemistry, and to illustrate the important proper- 
ties of explosives by specific examples as their develop- 
ment is traced. 

Mixtures of easily available substances furnished the 
earliest explosives. Specifically, naturally occurring 
saltpeter was.the vital ingredient of the first important 
explosives. When the reducing agents, charcoal and 
sulfur, are combined with the oxidizing agent, potas- 
sium nitrate, a mixture with remarkable properties 
results—gunpowder. This intimate mixture of oxidiz- 
ing and reducing agent was the secret of the explosive 
properties. Thus, the slow combustion of charcoal 
with oxygen evolves 8000 calories per gram, as con- 
trasted to only 700 calories per gram for black powder. 
The decomposition of the powder is much faster, how- 
ever, since oxygen need not be supplied, but is present 

1 Presented at the 218th Meeting of the N.E.A.C.T., Simmons 
College, Boston, Massachusetts, December 5, 1942. 

2 Contribution No. 275 from the Research Laboratory of Or- 


ganic Chemistry, Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts. 


Some Aspects of the Chemistry of Explosives’ 


A. F. THOMPSON, JR. 
Massachusetts Institute of Technology, Cambridge, Massachusetts 
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in the mixture. This time factor is characteristic of 
explosives and the explosive effect is measured by the 
product of three quantities: the force, which is meas- 
ured by the heat evolved; the velocity of explosion; 
and the density of the explosive material. An increase 
in any of these three will increase the brisance (Fr. 
briser, to shatter). Black powder burns slowly com- 
pared to modern explosives, but very rapidly com- 
pared to charcoal. This may easily be illustrated by 
lighting a small sample of the commercial powder and 
observing the sudden flash with which the material 
disappears. It was the most important military ex- 
plosive until 1875 and was also a very important com- 
mercial explosive until a very few years earlier. In 
1786, the first synthetic oxidizing agent was prepared 
by Berthollet, who obtained potassium chlorate on 
passing chlorine gas into warm potassium hydroxide 
solution. Mixtures of chlorates with charcoal and 
sulfur proved to have special properties. They were 
readily exploded by mild physical shock. Such mix- 
tures came to be known as fulminates. Disastrous 
experiments proved that they were too unreliable for 
use as propellants. : 

In 1791, Howard mixed ethyl alcohol, mercury, and 
nitric acid. His idea was to prepare chlorine or 
“oxymuriatic acid’”’ by action of the oxygen of the acid 
on the hydrogen of the alcohol, and he added the mer- 
cury to fix the chlorine as corrosive sublimate. The 
grayish powder he obtained had properties far more 
interesting than he had hoped, as can be demonstrated 
by anyone. A small pile of 0.200 g. of mercury fulmi- 
nate on being lighted with a burner deflagrates and dis- 
appears with a loud pop and a beautiful violet flash. 
This behavior is characteristic of fulminates and the 
substance was named mercury fulminate. Howard 
found that it was too brisant to substitute for black 
powder as a propellant, when he split a rifle barrel 
neatly on his first attempt. Within a few years, how- 
ever, mercury fulminate was being used as a primer 
component of all propellent rounds. Since it is so 
easily ignited by heat or shock and gives a brief hot 
flame, admirably suited for igniting black powder, it 
is an ideal material for this purpose. The use of a 












simple mechanical trigger to actuate a hammer which 
fired the charge by shock was obviously a tremendous 
advance over the haphazard method of creating 
sparks with a flintlock and firing the powder in this 
manner. Fulminate is still widely used in priming 
compositions. It represents the first explosive indi- 
vidual among chemical compounds, although it was 
prepared so simply from readily available materials. 

By 1845, organic chemistry was beginning to develop, 
and a vast field for explosives awaited its development, 
as the industrial revolution unfolded. Minerals had 
to be wrested from the earth, and great construction 
projects had to be set in motion. Black powder was 
the only explosive available and it was pitifully inade- 
quate. On the other hand, advances in metallurgy 
had wrought tremendous improvements in guns and 
military requirements demanded more powerful pro- 
pellent charges. Chemists began to evolve new ma- 
terials by chemical transformations of natural products. 
From wood they derived cellulose, and from fats they 
obtained glycerol. Within one year they tested the 
action of mixed nitric and sulfuric acids upon these, 
and obtained materials remarkably similar in appear- 
ance to the originals but very different in properties. 
This can be tested safely by digesting a small wad of 
absorbent cotton (0.500 g.) in 10 cc. of nitric acid 
(dens. 1.52) and 10 cc. sulfuric acid (dens. 1.84) for one- 
half hour at room temperature, and pouring into a 
liter of ice water. A product is obtained apparently 
very similar to the original; this should be carefully 
washed free of acid and air dried. A small wisp may 
be obtained dry in a few minutes, and if carefully 
fluffed may be ignited on the palm of the hand, showing 
a rate of combustion dramatically different from the 
untreated cotton. The nitration product represents a 
step forward from black powder, in which the oxidizing 
and reducing agents are intimately mixed, for the 
cellulose nitrate (or nitrocellulose) has the oxidizing 
and reducing agents attached to one another in the 
molecule. 

Nitrocellulose seemed the answer to the military de- 
mand for a superior propellant. Much work was 
necessary, however, and thirty-five years elapsed before 
the first practical smokeless powder was evolved. 
Special technics had to be developed to stabilize the 
nitrocellulose which otherwise decomposes explosively 
on long standing (so that laboratory samples should 
always be destroyed by burning). Moreover, the fluffy 
nitrocotton had to be gelatinized and hardened by 
solvents to reduce the burning speed. Today, modern 
smokeless powder is so highly developed that it may be 
extruded and cut into multiperforated grains, which 
burn progressively and permit the hurling of one-ton 
projectiles over 20 miles without bursting the gun. 

The viscous oil obtained from glycerol was found to 
be an exceptionally powerful explosive, now known as 
nitroglycerin. Development of practical explosives 
from it is largely due to the genius of Nobel, who, as is 
well known, absorbed the dangerously sensitive oil on 
diatomaceous earth and fashioned explosive cartridges, 


JoURNAL OF CHEMICAL EpUCATION 


still powerful, but much safer and easier to handle. 
Less well known is an even more important contribu- 
tion of Nobel, which was fundamental in the develop- 
ment of modern high explosives. Nitroglycerin is 
difficult to explode at will. It cannot be fired reliably 
with miner’s fuse as black powder is. Nobel hit upon 
the idea of immersing in it a cup of the very readily 
explodable mercury fulminate, and solved the problem. 
This was without doubt the most important develop- 
ment in the history of explosives. What is involved is 
a trigger action. The potential energy of the high ex- 
plosive is released by the detonation of very small 
amounts of the so-called primary explosive in contact 
with it. All modern high explosive shells, bombs, and 
mines, as well as commercial explosives, are fired in 
this way. Many modern high explosives are so in- 
sensitive to heat or shock as to appear completely inert, 
so that, for example, most bombs can be safely dropped 
from great heights if the fuse is not activated or 
“armed.” But the action of an appropriate primary 
explosive will cause violent detonation of the same 
material. The principle is readily illustrated on an 
ordinary hot-plate which is heated to about 220°. A 
small sample of lead styphnate at this temperature 
will not detonate although it will slowly decompose 
over a period of some minutes. On the other hand, a 
small sample of tetracene or hexamethylenetriperoxide- 
diamine, dropped on the hot surface, will decompose 
at once with a tiny pop. However, if one of these 
latter is caused to fall on the plate next to the lead 
styphnate this explosive will be detonated by the mild 
explosion of the other and will explode with great 
violence, causing a tremendous report. It is interest- 
ing to demonstrate the propagation of the explosion 
through an air gap, by separating the two explosives on 
the hot-plate. It will be found that the energy is 
propagated through a gap of several inches. These 
phenomena are not well understood. Thus, lead 
styphnate, in spite of its vigorous decomposition, will 
not initiate most high explosives, while the much 
milder peroxide mentioned above is among the most 
effective initiators. It is interesting that at the time 
of Nobel’s discovery, the fulminates were the only class 
of substances known that could have been used for the 
purpose; and their existence depended on Howard’s 
accidental discovery of the extremely simple prepa- 
ration of mercury fulminate. 

At this point it will be interesting to recall the con- 
cepts of time and energy in the effectiveness of ex- 
plosives. Thus, gasoline, on combustion, evolves 
11,000 cal./g., and dry wood 4100 cal./g. These 
values are to be compared with 800 cal./g. for smoke- 
less powder, or 1540 cal./g. for dynamite. However, 
the combustion of gasoline with oxygen in an internal 
combustion engine requires about 0.01 second. This 
is quite long, compared to the 0.0005 second required 
for complete combustion of the smokeless powder 
charge in the largest cannon. It is this increase in 
burning rate that enables smokeless powder to function 
as it does in propelling heavy shells over great dis- 
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tances. Of course, another feature of the powder is 
its great density, compared to that of a mixture of 
gasoline vapor and oxygen. Since the oxygen is al- 
ready in the molecule, this dense powder contains 
the potential energy packed into a very small 
volume. But it requires about 800 pounds of smoke- 
less powder to furnish the explosive energy of seven 
gallons of gasoline. 

It should be emphasized that the combustion of 
nitrocellulose is still relatively slow, and not to be com- 
pared with the detonation of high explosives like 
nitroglycerin. 

The explosion of dynamite is a detonation, and pro- 
ceeds about 100 times as fast as the combustion of 
nitrocellulose, with a corresponding increase in brisance. 
Dynamite would thus be useless as a propellant, since 
the force would be so suddenly released as to shatter 
the breech of the gun before the projectile had time to 
start toward the muzzle. 

Naturally, this shattering power is useful in coal 
mining, breaking rock, or bursting a shell. The last 
use was of no practical importance so long as nitro- 
cellulose and nitroglycerin were the only high ex- 
plosives available, since both of these materials are too 
sensitive to shock to be safely loaded in a projectile 
that is to be fired from a gun, and in fact no nitrate 
ester can be so used. But the low cost of nitroglycerin 
combined with the excellent properties of dynamite 
have made it the most important basic commercial 
explosive. The explosives derived from coal tar are 
too expensive to compete with it, particularly since 
they are much less powerful. 

For a practical bursting charge for use in shells, it 
was necessary to develop a safer high explosive, and the 
coal-tar industry furnished the raw material. Phenol 
was readily isolated from coal tar, and was found to be 
readily nitrated by the action of mixed nitric and 
sulfuric acids to yield 2,4,6-trinitrophenol, or picric 
acid. In 1874, Turpin discovered that this material 
could be detonated by mercury fulminate. Eleven 
years later it was loaded into shells, having been 
proved safe under the conditions of firing in a gun. 
Picric acid was, therefore, the original explosive that 
made possible the modern high explosive shell, and it 
is still widely used. It has some disadvantages, how- 
ever, notably the tendency to react with metals to form 
picrate salts of rather high shock sensitivity. There- 
fore, its close relative, TNT or 2,4,6-trinitrotoluene, 
which is a neutral compound, and otherwise more 
satisfactory, has come to hold first place for shell 
fillings. Occurring in relatively small quantities in 
coal tar, the toluene required is now largely prepared 
from petroleum in this country. TNT and other 
typical high explosives are peculiarly insensitive com- 
pounds. Thus, since cast TNT is not detonated by 
mercury fulminate, it has become customary to inter- 
pose a “‘booster’” explosive unit between the fuse and 
the TNT filling to insure detonation of the charge. The 
commonest substance used for this purpose is trinitro- 
phenylmethylnitramine, commonly called tetryl. It 
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is more brisant than TNT, likewise more sensitive, but 
pelleted in small amounts and held in a rigid metal con- 
tainer, it can safely be loaded into shells and fired from 
cannon. 

The insensitivity to shock of these aromatic nitro 
compounds is attested by their use as shell-loading 
materials. Insensitivity to heat is also marked. TNT 
and tetryl fail to burn when heated by a lighted match, 
except for the portion on the stick itself. This can 
readily be demonstrated. Larger amounts, if un- 
confined and kept burning by other inflammable ma- 
terials, will burn for a long time without detonating. 
However, sufficiently high temperatures will cause 
these materials to detonate. This has happened when 
shell magazines caught fire and the explosive confined 
in the shells was heated to the point of exploding. 

Present research on high explosives is divided into 
two broad fields. The user of commercial explosives 
wants cheaper and safer explosive materials. About 
40% of commercial explosives are used in coal mining 
and must be so-called permissible explosives, which 
means that under conditions of use the flame and de- 
tonation wave they release on explosion must be in- 
sufficient to ignite the dust and gases commonly present 
in the mines. For loading shells, and particularly 
bombs which are to be carried over enemy cities at 
great expense, the cost is less important than the 
effectiveness. Cyclonite, or cyclotrimethylenetrini- 
tramine, is one of the newer explosives of great effective- 
ness. Its power is about twice that of TNT, and its 
detonation velocity is 8300 compared to 6000 for TNT. 
PETN, or pentaerythritol tetranitrate, is another 
effective new explosive. These explosives, warmed 
together, or with nitroglycerin, produce eutectics of 
density as high as 1.79 compared to 1.48 for a typical 
TNT load. Since the power and velocity of the in- 
gredients are high, such mixtures represent very 
effective explosives. 

The functions of explosives in a typical round of 
ammunition can now be summarized. There is first a 
primary explosive in the primer, which flashes on being 
struck, and lights the powder charge. The propellent 
powder burns, and propels the projectile from the gun. 
The projectile (or a drop bomb, which is analogous) 
usually contains four explosive units: a primer unit, 
which contains primary explosive which will explode 
from the impact when the projectile strikes, and start a 
train of fire in the fuse. The fuse also contains a 
detonator unit, also composed of primary explosive. 
This detonates on being actuated by fire from the primer 
unit and initiates detonation in the booster unit. The 
booster then detonates the base charge or burster charge 
which does the work of demolition. The construction 
of the fuse is such that sensitive explosives are mounted 
so as to withstand the shock of firing, and of impact. 
The primary explosive in the detonator unit in an 
armor-piercing shell, for example, will stand the shock 
and heat evolved when the shell strikes and penetrates 
as much as sixteen inches of armor plate. At the same 
time these primary explosives are relatively sensitive 
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to friction and shock sustained in handling, and great 
care must be used in the assembling of the components 
in which they are to be used. 

An interesting series of primary explosives, all of 
which have important uses, is: mercury fulminate, lead 
azide, tetracene, lead styphnate, diazodinitrophenol, 
hexamethylenetriperoxidediamine, and mannitol hexa- 
nitrate. The behavior of these materials on a Dennis 
bar is interesting. If the standard Dennis bar used 
by organic chemists for melting point determinations is 
not available, any flat-topped metal bar, heated at 
one end by a 600-watt electric heater will serve the 
purpose. It may be calibrated at equilibrium by find- 
ing the points along its length at which various organic 
solids melt. The temperature range obtainable should 
be from 180°C. to 400°C. The instantaneous explosion 
temperature of the primary explosives listed above is 
quite characteristic and may be observed on the bar. 
Experiments will show that the various substances 
behave quite differently, but that all of them will 
explode instantaneously at some definite temperature. 
Below this temperature they will explode after a longer 
period or not at all. Above it, many of them decom- 
pose in a different way. By using a stop watch, and 
observing the time required for explosion at different 
temperatures, it can be verified that there is a straight- 
line relation between the time and the reciprocal of 
the temperature, and it is therefore possible to extra- 
polate to any definite time (usually 0.001 sec.) to ob- 
tain the ‘instantaneous’ explosion temperature. These 


JouRNAL OF CHEMICAL EDUCATION 


range from 205° for tetracene, to 385° for lead azide. 
Another primary explosive, nitrosoguanidine, decom- 
poses at a temperature of 230°, and may be fired on 
the back of the hand with the heat of a recently ex- 
tinguished match. 

In closing, it might be well to mention liquid oxygen 
explosives. These are made by dipping cartridges of 
specially prepared charcoal into liquid oxygen untii a 
definite weight is absorbed. They are then fired at 
once before the oxygen adsorbed on the surface is lost. 
In general, they retain full strength for about five 
minutes, and 60% strength for over half an hour. At 
full strength they are comparable to dynamite. They 
are too sensitive and cumbersome for military use, but 
they are of considerable importance in replacing com- 
mercial explosives in wartime, since no nitric acid is 
required for their manufacture, and in fact no materials 
but wood and air. Obviously, this is a matter of great 
importance at the present time, when the consumption 
of nitric acid for both commercial and military ex- 
plosives is a strain on the production facilities avail- 
able. 

From the preceding discussion it may be seen that 
the outstanding property of explosives is that they 
contain potential chemical energy in considerable 
amounts, which may be released at will to do useful 
work. By taking advantage of the rate at which the 
energy is released, various types of explosives can be 
used to perform various functions. 





The Nature of the Electrical Double Layer’ 


DAVID C. GRAHAME, Amherst College, Amherst, Massachusetts 


THE MOST prominent theories of the electrical 
double layer at a polarized electrode were reviewed and 
their distinctive characteristics pointed out. The origi- 
nal Helmholtz theory was an oversimplification be- 
cause it ignored the thermal agitation of the ions form- 
ing the double layer. The Gouy theory which followed 
it took account of the effects of thermal agitation but 
led to too large values of the capacity of the double 
layer. Neither Helmholtz nor Gouy considered the 
effects of possible specific adsorption of ions. Stern 
attempted to combine the theories of Helmholtz and of 
Gouy by postulating the existence of both kinds of 
double layers simultaneously. Stern also introduced 
the concept of specific adsorption, although his funda- 
mental postulate of a constant value for the specific ad- 
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sorption potential turns out to have been incorrect. 
According to the present author, the electrical double 
layer is composed of a compact layer of specifically ad- 
sorbed ions and a diffuse layer of non-adsorbed ions. 
Since the adsorbed ions are not fully hydrated, they 
may be expected to be closer to the metallic surface 
than other non-adsorbed ions. This fact gives rise to 
a large discrepancy between the results predicted by 
the Stern theory and those actually found. At any 
particular concentration, the diffuse double layer shows 
a very pronounced saturation effect, as a result of 
which there is a limit to the amount of charge which 
can be attributed to the diffuse layer regardless of the 
applied potential. This limit occurs at about 15, 9, and 
6 microcoulombs per square centimeter for solutions 
which are normal, tenth-normal, and hundredth-nor- 
mal, respectively. 





STRATEGIC MATERIALS AND NATIONAL STRENGTH. Harry N. 
Holmes, Professor of Chemistry in Oberlin College. The 
Macmillan Company, New York, New York, 1942. 106 pp. 
4figs. 14X 21cm. $1.75. 

STRATEGIC MATERIALS IN HEMISPHERE DEFENSE. UM. S. Hessel, 
W. J. Murphy, and F. A. Hessel. With a section on petroleum 
by Harold J. Wasson. Hastings House, Publishers, New 
York, New York, 1942. xviii + 235 pp. Illustrated. 14 X 
21cm. $2.50. 

The first of these is a provocative little book by a well-known 
enthusiast. Should be read by everyone who needs to know 
what materials are becoming scarce and why. 

The second goes into much more detail; in its first section 
(Strategic and Critical Materials) the argument is supported by 
comparison tables and interesting graphic devices. Part II 


(Latin America) shows the necessity for hemisphere solidarity, 
while Part III (Additional Materials) discusses the part that 
copper, lead, zinc, petroleum, and chemicals play in our vital 


economy. 


THE Biast FurNAcE (ITS RAW MATERIALS, PRopuctTs, By- 
PRODUCTS, AND THEIR CHEMICAL ANALYsIS). Roy P. Hudson, 
Consulting Engineer. Chemical Publishing Company, Inc. 
Brooklyn, New York, 1942. xv + 254 pp. 8 figs., 21 tables. 
14 X 22cm. $3.75. 

Beginning where the elementary textbook of chemistry leaves 
off, this tells what goes on in the blast furnace. The chapter 
on Chemical Principles will perhaps be appreciated by general 
students. Considerable emphasis is placed upon the importance 
of blast furnace fuel. As R. H. Sweetster says in the foreword 
“most of it comes from actual observation and personal experi- 
ence, and it covers a phase of blast furnace practice that has been, 
so far, unrecorded except in scattered published papers and in the 
unpublished records of many coal, coke, iron, and steel operating 
companies.” 


Piastics CaTALoc, 19438. Published by Plastics Catalogue Cor- 
poration, 122 East 42nd Street, New York, New York. 864 
pp. 24 X 3lcm. $5.00. 

The student and teacher of chemistry will find much here of 
fascinating interest. Profusely and beautifully illustrated in 
colors One forgets that its purpose is largely advertising for, 
like much of the modern advertising at its best, it is largely edu- 
cational. Conveniently divided into sections: Plastics in War, 
Materials, Plastic Materials Manufacturing, Molding and Fab- 
ricating, Finishing and Assembly, Machinery and Equipment 
Laminates and Plywood, Coatings, Synthetic Fibres, Rubber- 
Like Plastics, and an Index. Although part of it is directed to 
the trade, its greatest interest is to the general and preferably 
somewhat chemically informed public. One cannot read it 
without becoming enthusiastic about the recent contributions 
of this field of chemistry to our everyday life. For chemists, 
several large display sheets will be of particular interest—showing 
properties of plastics; chemical formulas of plastics, resins, and 


synthetic rubbers; and properties of solvents, plasticizers, and 

synthetic rubbers. 

SeEMI-MIcro QUALITATIVE ANALYsIS. Paul Arthur and Otto M. 
Smith, Oklahoma Agricultural and Mechanical College. 
Second Edition. McGraw-Hill Book Company, New York 
City, 1942. xi-+ 322 pp., 28 figs., 8tables, 15 XK 23cm. $2.75. 

PRINCIPLES AND PRACTICE OF QUALITATIVE ANALYSIS (WITH 
Semi-Micro LABORATORY TECHNIQUE). P. E. Spoerri, Poly- 
technic Institute of Brooklyn; H. Weinberger, College of the 
City of New York; and R. Ginell, Polytechnic Institute of 
Brooklyn. First Edition. McGraw-Hill Book Company, 
New York City, 1942. x -+ 282 pp., 58 figs., 18 tables and 20 
analytical tables. 15 X 23 cm. $2.75. 


Both of these books are designed for a brief course in qualita- 
tive analysis employing semimicro laboratory technic. As may 
be surmised from the fact that they have been issued by the same 
publisher, they represent divergent educational viewpoints. 
Each is the product of many years of experimentation on the part 
of its respective authors and the striking dissimilarities in the 
approach underscore the truism that there are no unique solutions 
to educational problems. The differences do not lie in the chem- 
istry of the separations and confirmatory tests because in these 
aspects neither book deviates very far from the usual scheme, but 
more in the implied attitude of the teacher toward his students. 
One leads the student on, giving helpful suggestions, outlining 
the path with great detail, and pointing out the pitfalls along the 
way to ease his progress over the rocky trail; the other points 
out the goal and provides a rough map and expects the young 
pioneers to reach the end of the trail with only infrequent prod- 
ding. A decision to adopt one or the other of these text would de- 
pend largely upon the predilections and training of the teacher; 
either treatment could undoubtedly serve as the basis for a satis- 
factory course, but a teacher who likes one would probably find 
the other unsuitable for his purpose. 

The viewpoint of the Arthur-Smith text could be called the 
more conventional. The theoretical part is well developed and 
carefully written. Numerous exercises are provided. The ana- 
lytical scheme has been carefully worked out for a short course. 
For anion analysis, advantage is taken of the method of anion- 
elimination, based upon oxidation-reduction reactions as well as 
upon preliminary tests. The cation procedure is given in con- 
siderable detail but the estimation of the quantity of the compo- 
nents in the “unknowns” is not considered. In pursuing the 
work of the course, a student would have little need to refer to 
the liferature or to other textbooks as the discussion of theory 
and basic chemistry is surprisingly complete for a book of 300 
pages. 

The approach of Spoerri, Weinberger, and Ginell, on the other 
hand, is more radical and in some ways more provocative. The 
theoretical section has been ‘“‘modernized”’ to an unusual degree: 
extensive use is made of periodic tables for presenting similarities 
in chemical behavior of cations; the discussion of complex ions 
is unusually comprehensive; some consideration is given to the 
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kinetics of chemical reactions; the discussion of acids and bases 
has been generalized and includes a section on solvo-ions; and the 
relation between the chemical behavior of compounds and their 
structures has been clearly illustrated. Students of superior 
ability will find this introduction very stimulating. Two chap- 
ters in this volume deserve particular notice: the first is one on 
“Mental attitude” which emphasizes the scientific viewpoint or 
“research ideology’”’; and the second is one on “‘Blowpipe analy- 
sis,” which reintroduces this long neglected branch of qualitative 
analysis to the elementary student. Wider use is made of or- 
ganic reagents for confirmatory tests than in most elementary 
qualitative books. Teachers who worry about the development 
of a ‘‘cook book”’ attitude on the part of their students may pos- 
sibly find that with this book the student will need to possess 
muck more initiative and enterprise than is usually required and 
that he will develop habits of scientific thought which he will re- 
tain long after he has forgotten the details of the analyses. If 
this is accomplished, the aims of its authors will have been 
achieved. 
LAURENCE S. FOSTER 


Brown UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


THE PRINCIPLES AND PRACTICE OF BEAUTY CULTURE. Florence 
E. Wall, Lecturer on Cosmetology, School of Education, New 
York University. Keystone Publications, New York, 1941. 
xviii + 708 pp. 183 figs. 15.0 X 22.5 cm. 

A book primarily for beauty operators on a subject which 
promises to offer future opportunities as a branch of applied 
chemistry. 


A TEXTBOOK OF BIOCHEMISTRY. 
D.Sc., Professor of Chemistry, University of Texas. Second 
Edition. D. Van Nostrand Co., Inc., New York, 1942. x + 
533 pp. 40 tables, 17 figs., 16 photographs. 15 X 22 cm. 
$4.00. 

Here is a text around which can be easily built a thorough 
course in biochemistry for medical students and others whose 
interests lie in the study ofmammals. The author has shown rare 
ability in selecting his material, as well as in clinging tenaciously 
to his chemistry without jealously invading the fields of physi- 
ology and pathology. The subject matter is helpfully arranged 
in five parts, namely, Biochemical Materials, Tissue Composi- 
tion, Food Composition, Bodily Mechanisms for Promoting and 
Regulating Chemical Change, and Metabolism. 

Outstanding features of this book are the extensive tables on 
tissue-composition, the many clear structural formulas, the 
glossary of physiological and medical terms, and the restricted 
but select listing of references. The final chapter is a much- 
needed summary of chemotherapy, taking up the arsphenamine, 
quinine, and sulfonamide groups of compounds. The typography 
and binding are excellent. It isa pleasure to find almost no errata. 
In structures denoting the indole group, no hydrogen is depicted 
attached to the nitrogen atom. This abbreviation may cause 
some confusion. The recent advances in theories of intermediate 
metabolism are for the most part well presented and fused with 
some of the older ideas. The vitamins are described clearly 
wherever they come into the metabolic scheme, and also in a 
separate section with ‘‘essential food constituents.” 

Davip LYMAN Davipson 


Roger J. Williams, Ph.D., 


MIDDLESEX UNIVERSITY 
WALTHAM, MASSACHUSETTS 
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THE PIROTECHNIA OF VANNOCCIO Birincuccio (1540). Trans- 
lated from the Italian by Cyril Stanley Smith and Martha 
Teach Gnudi. Published by The American Institute of Min- 
ing and Metallurgical Engineers. 1942. xxv + 465 pp. 94 
figs. Quarto size, $5.00 ($3.00 to members of A.I.M.M.E.). 
While “‘The Pirotechnia”’ is not an autobiography in the usual 

sense, it gives a strikingly clear picture of the workings of a twen- 
tieth century mind in a sixteenth century brain. Biringuccio 
was a keen observer and though he is most modest with respect 
to his own accomplishments he was undoubtedly an able execu- 
tive. 

It is a temptation to quote at length from the book but much 
of the reader’s pleasure and satisfaction would be lost in an at- 
tempt to separate sentences from their context. A few para- 
graphs, however, will indicate Biringuccio’s modern viewpoint. 

“Indeed it is one of the first considerations which you must 
make before excavating the ore—that you begin to consider and 
examine the availability of the things you need, and the supplies 
that are found there, as, for instance, the wood, water and food 
supply, all of which must be abundant. There must be enough 
wood for the needs of the mine, to make charcoal for smelting, 
roasting, refining and other fires, in addition to the wood neces- 
sary for making props for the mines, as well as for constructing 
machines, huts and other similar things” (p. 22). This simple 
advice is as sound today as it was four hundred years ago and 
many a mining enterprise has failed because the owner has not 
realized that it takes more than ore to develop a successful mining 
property. 

His practical mind rejected the work of the alchemists who 
were so active in hisday. ‘‘...I believe the best thing to do is to 
turn to the natural gold and silver that is extracted from ores 
rather than that of alchemy, which I believe not only does not 
exist but also, in truth, has never been seen by anyone, although 
many claim to have seen it” (p. 41). 

He believed, also, in large-scale production as a matter of 
economy. ‘Nor must I fail to remind you that the advantage in 
such a process, as in many others, lies in doing everything on a 
large scale, that is, with large mines, a large number of tools and 
furnaces, .. . and, in short, because the profits greatly surpass the 
expense. The worker who would want to make a little is not 
aware how much more it involves, for it is true that each one of 
said operations requires many men and much work’”’ (p. 105). 

It is quite impossible in a review to indicate the number and 
varieties of topics which are considered in detail. They vary 
from the mining of the ore, through the making and casting of 
alloys to the art of wire drawing which is in principle the method 
of today. 

Biringuccio was essentially a metallurgist but the chemist will 
find much of interest in his account of the preparation of the acids 
used in the parting of gold and silver and ‘‘The Manner of Com- 
pounding Various Incendiary Compositions Which Are Com- 
monly Called Fireworks.” 

The translators have succeeded admirably in retaining the 
author’s colloquial style so that the book reads like an original 
rather than a translation. Mechanically, it is a fine example of 
the bookmaker’s‘art in the selection of the paper, the type, the 
excellent reproduction of the original illustrations, and the binding. 

This is a ‘‘must” book for any metallurgist who is interested in 
his profession beyond the narrow limits of his special field. 

ROBERT S. WILLIAMS 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


It has been discovered that not only does the human species get tired, but molecules 


do also. 


Research has shown that the molecules responsible for fluorescence in a special 


type of glass get ‘‘tired”’ and lose part of their activity when excited by ultra-violet radia- 


tions for a long period of time. 
strength. 


After suitable rest periods in the dark, they regain their 





Editors Outlook 


Who, Me? 


WEN they started this thing, our enemies set the 
pace. It is Total War. But I don’t think that 
you fully understand the significance of it. 

Who, me? Yes, you! I don’t believe you realize 
what is involved in the inclusion of every person in 
the country in the fighting forces, armed and civilian. 
Listen. 

American tanks are rolling eastward in North Africa; 
American planes are over western Europe, day and 
night; American warships are protecting the supply 
lines to Australia and the Solomon Islands; American 
submarines are destroying enemy traffic, even along 
the shores of Japan and China. 

But the man who welded the armor on a General 
Sherman is as responsible for its performance in the 
field as the one who operates its controls or fires the 
gun mounted in its turret. The man (or woman) who 
puts the rivets in the wings of a Liberator made it 
possible for the crew of that plane to drop two tons of 
bombs onto the submarine bases at Wilhelmshaven. 
The little side-street jeweler who closed up his shop and 
turned to making precisions instruments sank that 
Japanese tanker, as truly as the lieutenant-commander 
who looked through the periscope and said, ‘‘Fire one.” 
That Jap Zero which was brought down just before it 
reached the ‘““Wasp”’ goes to the credit not only of the 
man behind the anti-aircraft gun but also of the one- 
time garage mechanic who machined the gun-mount. 

Quite evident. But in countless other ways little 
people, in obscure places, are doing little things which 
have big weight when the fighting fronts are reached. 

A truck driver stops to pick up a small package on 
the loading platform, which his helper overlooked, and 
a four-day delay is avoided in a shipment from a muni- 
tions factory, which would otherwise have had to hold 
up operations for want of some necessary machine 
tools. 

The restaurant waitress, by her rapid and watchful 
service—as well as her deafness to the banter of the 
salesman at the far table—saved ten minutes’ time for 
the foundry superintendent who came there every day 
to lunch, and who, on that day, was able to get back 
to the office just in time for the long distance call from 
the ordnance inspector. 

The high-school chemistry teacher who taught a 
certain boy all about fires and how to put them out was 
the real one responsible when that same boy, some time 
later, put out a blaze in a grain elevator which would 
have cost the Army several thousand tons of valuable 
wheat. 

Everyone who does his own particular little job 
quickly, efficiently, and cheerfully is helping to reduce 
the confusion, waste, and delay which sooner or later 
slows up the flow of men and supplies to the various 
theaters of war. And you are this minute sitting 


there, satisfied with something less than the best you 
can do. 

Who, me? Yes, you! You don’t need to be in 
uniform to be fighting this war. You don’t need to 
have the legal rights of lawful belligerents, or the 
privilege of bearing arms. You don’t need to be an 
air raid warden, a Red Cross nurse’s aid, a USO hostess 
or a War Bond salesman. 

There’s a tremendous home front to defend. If our 
economic structure collapses it will be a worse blow than 
collapse in North Africa, or New Guinea, or in the 
Aleutians. If it merely cracks it will be a major de- 
feat. And it will crack unless we can find answers to 
the problems of wages, prices, and distribution of 
goods. 

As a matter of fact, a pretty good answer is already 
before you, but you don’t believe it. 

Who, me? Yes, you! The answer is: In wartime 
you can’t expect anything special; take what the cir- 
cumstances bring you, and don’t grouse about it. 

When the Army goes forward in the field do you 
suppose each soldier sits down and ponders the ques- 
tion: ‘‘Let’s see now; where is this going to leave 
me? Perhaps I’d better sit this one out; I’ve got a 
date with that blonde, back home, you know. Suppose 
I get a hand shot off; will I be able to get my garage job 
back? Anyway, I’m not going into this attack until 
I’m sure the chow-wagon will be here so we can have a 
square meal afterwards.” 

No, he doesn’t like the present setup, but there is 
something in it bigger than his little wishes and com- 
forts. He'll take what the day brings; he’ll not stop 
to look for the easiest way over the rough ground, 
leaving the tough spots for the other fellows—or if he 
does he’ll not find life easy in his company thereafter, 
and he knows it. On the contrary, he’ll say, ‘“‘What’s 
the use of trying to dodge it? If it’s got your name on 
it you'll get it.”’ 

Now how about you? 

Who, me? Yes, you! Are you forgetting that, 
whatever your job, every day’s work you miss is one 
shell less in the artillery barrage, one mile an hour less 
in the bomber’s speed, while you sit around wondering 
how you are going to be left after the war? Are you 
looking for the easy, protected spots, leaving the other 
fellow in the open? Are you saying: “Sure, I got three 
pounds of butter; let him go find himself a quarter- 
pound—if he can, the sap. And I ain’t working to- 
morrow, either, unless I get that two-dollar raise. 
They got to have them goods we turn out; they can 
coine through, or else. And you're nutty if you live 
on your own gas coupons. I got fifty from a guy I 
know. This talk about not being enough gas is hooey. 
Anyway, half what they ship overseas gets blown up, 
so what?” 
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Too bad the civilian army hasn’t any top sergeants; 
that sort of talk would fill the hoosegows. 

If this is to be total mobilization (and we had better 
admit that it is if we want to survive) we should expect 
the same spirit, at least, in our civilian army as in our 
Armed Services. We pride ourselves that the American 
soldier has one element in his training which is absent 
in that of our enemies: he is trained to understand a 
general objective and in the absence of specific orders to 
follow his own initiative and plan of operations in 
reaching it. We should expect as much of our civilian 
army. 
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If you don’t recognize that one of the main objectives 
on the home front is to avoid ruinous inflation, and that 
the only way to do it is to cooperate with all the 
measures which have been taken to prevent it, you are 
letting down those fellows in North Africa, the Solo- 
mons, Iceland, and all over the seas. And that 
means slapping down all the individual chiselers and 
digging in to resist the high-pressure groups who think 
they are in a position to profit by the country’s neces- 
sity. Are they going to get away with it? 

Hey, you're im this war. Snap into it! 

Who, me? Yes, you! 


Attention! 


Whali Been Going Ou 


X-Ray Tubes With Beryllium Windows 


INDOWS made of the metal beryllium, which though 

opaque to light, are more transparent to certain kinds of 
X-rays than glass, are speeding tests of material used in bombing 
planes and other war machines. 

In such applications the X-rays are used to study the way the 
atoms are arranged. The lattice of atoms that make up the crys- 
tals of the metal diffract the X-ray beam. When it falls on a 
photographic plate there is no longer the single spot which there 
would be if the metal were not in the path. A symmetrical pat- 
tern of spots appears. 

This effect is exactly analogous to looking at a distant bright 
light through a closely woven fabric, such as a handkerchief or 
umbrella. The fibers of the cloth diffract the light into a similar 
array of light spots. 

These X-ray diffraction patterns tell the scientist important 
facts about the molecular structure of the material being ex- 
amined. He can tell how the molecules are arranged and the 
distances between them. In the case of various alloys, for ex- 
ample, it is possible to check the effect of heat treatment which 
changes the structure to make the metal stronger and more 
durable. 

For making radiographs of thick metal castings to observe 
possible defects, X-rays of high power—up to a million volts— 
are required to penetrate thick pieces.. These are of very short 
wave length, about two millionths of the length of the shortest 
violet light waves which the eye can detect. But for X-ray dif- 
fraction studies rays of much less power, perhaps only 15,000 or 
20,000 volts, are often useful. These are only about a thousandth 
as long as violet light waves. Such “soft’’ X-rays have very little 
penetrating power, and are largely stopped by ordinary glass. 
To use them, however, a form of glass originally developed in 
Germany, named Lindemann glass after its inventor, has been 
employed. 

Beryllium is ideal for use in windows transmitting long wave 
X-rays. The X-ray absorption of the pure metal is less than 
that of any of the other materials used in diffraction tubes, with 
the exception of cellophane. This latter, however, can only be 
used when the tube is continually connected to the exhaust 
pumps. 

The first beryllium obtained for the purpose proved to be 
porous, and was therefore unsatisfactory, because it allowed air 
to leak into the evacuated tube. However, the Brush Beryllium 
Company was able to supply the metal in extremely pure form, 


prepared by an electrolytic process. By melting this material in 
a vacuum, it proved possible to prepare a vacuum-tight disc, 
which could be sealed into the wall of the tube. Much of the 
work of preparing the discs by the vacuum melting process was 
done in the General Electric Research Laboratory. 

X-rays are produced when speeding electrons are suddenly 
stopped by a target. Part of the X-radiation produced covers a 
wide range of wave lengths, and its intensity depends on the 
power with which the electrons are shot at the target. But also 
more rays of certain particular wave lengths are generated de- 
pending on the metal used as the target. With targets of such 
materials as tungsten (which have a high ‘‘atomic number’’), 
these preferred radiations are of very short wave length, while 
targets of iron and chromium, for example, result in radiation of 
much longer waves. X-rays from chromium have many uses, 
but the Lindemann glass windows of the older tubes would trans- 
mit only about five per cent while 62 per cent is transmitted by 
the new beryllium windows. With the shorter wave X-rays from 
copper, 84 per cent is transmitted by beryllium as compared with 
40 per cent for Lindemann glass. 

The use of beryllium has permitted other improvements in the 
design of X-ray equipment for diffraction studies. The thin 
beryllium disc is soldered to a ring of fernico, and this can be 
fastened to hard glass. Lindemann glass could only be fastened 
to soft glass, out of which the tube had to be made. This, in 
turn, has made it possible to construct a smaller and more ef- 
ficient tube than the older one. It can even be entirely enclosed 
in a sealed, oil-filled tank containing also the transformer pro- 
viding the high voltage, and the apparatus made portable. Such 
oil-immersed outfits have previously been used for X-ray equip- 
ment for dentists. 

The greater X-ray transparency of the beryllium, and the im- 
proved design, have increased by some 15 times the speed with 
which diffraction patterns are obtained. Not only does this 
make it possible for laboratories connected with war industries 
to work faster; equally important in these days of shortage of ma- 
terials, the tubes can be used for more exposures during their 
service life. 

Though beryllium, which is sometimes called glucinum, has 
previously been used for alloying with copper and other metals, 
this is the first use ever found for itin pureform. It is very light, 
weighing 115 pounds to the cubic foot. A cubic foot of alumi- 
num weighs 168 pounds. Of metals used for structural purposes, 
only magnesium, with 109 pounds to the cubic foot, is lighter than 
beryllium. 


Editor’s Note 
It was not until the forms had been closed for the printing of this issue that we learned that the 


article, ‘‘Modern Science in Russia” (see opposite page), had appeared elsewhere. 


Nevertheless, we 


feel that the subject is timely and important enough so that, under the circumstances, we are glad to 


share it with The Chemist. 
tended in this case. 


We occasionally reprint from other sources, although it had not been in- 





Modern Science In Russia 


V. N. IPATIEFF 


Northwestern University and Universal Oil Products Company, Chicago, Illinois 


HE OBJECT of the lecture I am about to deliver 

consists of an analysis of the scientific achieve- 
ments made in Russia in recent times. My review of 
Russian scientific activity would be incomplete, how- 
ever, if I did not touch, even though briefly, on the 
progress of scientific thought in Russia during the 
preceding periods. 

I am not engaged in politics, and for this reason can 
freely and without bias analyze all stages in the develop- 
ment of science in Russia, a country that went through 
a revolution and great misfortunes and deprivations 
which undoubtedly affected the growth of scientific 
ideas and experimental research. 

I lived in Soviet Russia for 13 years and was com- 
missioned to work on the development of the chemical 
industry in the Presidium of the Supreme Council of 
National Economy. For a number of years I headed 
the Scientific-Technical Division of that Council. This 
division was in charge of the research institutes that 
served all branches of industry. For this reason, it is 
not difficult for me to survey the work done by the 
Soviet Government for the development of science and 
industry. However, 12 years ago I was obliged to 
leave the U.S.S.R. It would have been a formidable 
task for me to outline to you all the achievements in 
the fields of various sciences made in Russia during 
this period of time. Fortunately, I obtained very 
valuable information from J. G. Tolpin, who is em- 
ployed by Universal Oil Products Company on a project 
of collecting scientific information on the progress in 
the chemical and petroleum industries in Russia and 
who also collects material, incidentally, on other fields 
of science related to chemistry. 

Just as rays of the sun are distributed to all men, rich 
and poor, good and evil, so also scientific ideas, new 
discoveries, and inventions serve all humanity. Modern 
means of transportation and communication between 
nations make every great invention the property of 
the entire world, and foes as well as friends of the 
country where the invention was originally made soon 
use it. 

The scientist and the technologist create not only for 
their own country, but for humanity as a whole, and for 
the good of the cause they are sometimes obliged to 
carry out their ideas not in their own country, but in a 
different land where industry and working conditions 
make it possible for them to complete their work. 


1 An address delivered at Boston University, January 13, 1943, 
for the Russian Relief Society. 


Great discoveries are in many cases made simul- 
taneously by scientists in different countries. By 
pointing to important research done in Russia it is not 
intended to claim exclusiveness or absolute priority for 
Russians in the fields under consideration. It is only 
emphasized that Russia has always generously con- 
tributed her share to the science of the world. 

Development of science in Russia dates back less 
than 100 years. I have to point out here, however, 
that as early as 200 years ago one of the World’s great- 
est scientists lived in Russia. He was M. V. Lomonosov, 
a peasant’s son, whose ideas and research on the con- 
servation of matter and energy preceded by decades the 
discoveries of Lavoisier, Joule, and others, but whose 
works were not known to the world because they were 
written in Latin and not published. In collaboration 
with his colleague, Academician G. Rikhman, he 
verified Franklin’s explanations of electrical phe- 
nomena in nature. Rikhman was killed during an 
experiment of this character. The genius of Lomono- 
sov may be compared only with that of Leonardo da 
Vinci. 

Lomonosov was not, however, the first scientist who 
lived and worked in Russia. Science and the arts 
have always existed in Russia and were developed there 
in a way that could be expected from a comparatively 
young nation. The countries bordering Russia, such 
as Germany, have always kept in close touch with its 
scientific development and we find that as early as 
1828 Ph. Strahl published in Leipzig a 514-page book 
entitled ‘“‘Das gelehrte Russland,” although a glance at 
the index shows that much material is missing which 
should have been included in a modern study of this 
type. These countries, moreover, also exerted their 
influence on her scientific work and in turn were bene- 
fited by it. Although the influence of the United 
States on the industry of Russia has been felt in- 
creasingly in recent years, Russian chemical literature, 
however, still quotes largely the German literature. 
Many Russian researches were known in this country 
only as they were published in German science journals 
and their authors were not always recognized as 
Russians. 

It may be of interest to mention that men like 
Feodor Beilstein, Wilhelm Ostwald, and Tammann 
were born in Russia and started their careers in Russia; 
they worked in the Russian Academy of Sciences or 
Russian universities for many years and Ostwald and 
Tammann afterward were invited to go to Germany. 
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An era of more vigorous advancement of science in 
Russia began in the 50’s and 60’s of the 19th century 
when a series of liberal reforms were carried out in 
Russia on the initiative of Czar Aleksander II and 
serfdom of peasants was abolished. Like a sponge, 
Russia started to absorb the advancements in science 
made in the West. Many young and even older people 
went abroad for study and specialization in the sciences, 
especially in natural sciences, such as physics, chem- 
istry, physiology, etc. The movement to pursue these 
studies frequently took the form of an opposition to the 
government which attempted to distract the youth 
from socialist ideas by centering the system of educa- 
tion in the gymnasiums around the study of ancient 
languages, Greek, and Latin. 

Contact with western science became a great stimulus 
to the development of sciences in Russia, which, being 
a young country with negligible means for realization of 
new scientific ideas in its laboratories, was nevertheless 
not slow in demonstrating the great potential energy 
of Russian genius and the ability to create “its own 
Newtons.” The laboratories in which these researches 
were carried out could in no way be compared with 
the palaces of science that already had been erected in 
Europe which I witnessed myself in the 90’s when I 
was sent abroad for advanced study of chemistry. 

What kind of people were the pioneers of the sciences 
in Russia and whence did they come? 

When praying to God, the Russian always turns to 
the east. Let us likewise turn to the east, where we 
will find the city of Kazan on the Volga, and we will see 
that there a coterie of Russian scientists was born 
whose names were perpetuated in the memories of the 
entire world by their outstanding discoveries. Suffice 
it to mention the names of Lobachevskii, Zinin, But- 
lerov, Markovnikov, M. Konovalov, and Mendeleev 
(the last of whom was born in the city of Tobol’sk in 
Siberia) to recognize this source of the Russian beacons 
of science. 

Permit me to say a word or two about the scientific 
works of each of these men. Lobachevskii created a 
new “non-Euclidian’’ geometry. Zinin’s research on 
organic chemistry enabled him to demonstrate for the 
first time that nitro compounds may easily be reduced 
to amines such as aniline. The well-known German 
scientist, Hoffmann, who developed the field of organic 
dyes, stated in a speech that ‘discovery of this re- 
action is sufficient merit for inscribing the name of 
Zinin into the history of chemistry in gold letters.” 

Butlerov was a student of Zinin, and simultaneously 
with Kekulé worked on the development of the theory 
of organic compounds. The school of Russian organic 
chemists who were his students enriched science by 
their remarkable studies on aliphatic compounds in 
general and hydrocarbons in particular.? One of his 
students, A. E. Favorskii, an outstanding and very 
well-known chemist still active in the U.S.S.R., was my 


2 J. G. Tolpin has collected much material on the research of 
Russian chemists pertaining to hydrocarbons, a study of great 
importance to the petroleum industry. 
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first teacher in chemistry, and thus, I am, in the 
scientific sense, a grandson of the memorable Butlerov. 
Butlerov’s student, V. Markovnikov, pursued studies 
on Russian petroleum oils through which his name has 
become known to almost every American chemist work- 
ing in the petroleum industry. As far as Mendeleev 
is concerned, his genius is known to every student who 
had as much as an introductory course in chemistry. 
Markovnikov’s student, M. T. Konovalov, may be 
regarded as the originator of the synthesis of nitro 
paraffins at the close of the 19th century. 

Not only in pure science, but in applied sciences as 
well, Russian workers have exerted an enormous in- 
fluence on the development of various branches of 
industry. I would like to point out first of all the re- 
search of Professor D. Chernov on the structure of steel 
and its thermal treatment. It was Chernov who in- 
dicated for the first time how steel should be thermally 
treated to withstand high pressures, such as are en- 
countered in artillery guns. The change from bronze 
to steel guns could be materialized only after Chernov’s 
research at the Obukhov plant in St. Petersburg. 
Chernov’s discovery is valued by the metallurgists of 
the entire world and Professor Henry Marion Howe 
of Columbia University carried the following dedi- 
cation note on the first page of his book, “‘Iron, Steel, 
and Other Alloys,’’ published in Boston, 1903: 

“To my friend Professor Dimitry Constantin [ovich] 
Tchernoff, the father of the metallurgy of iron, as a 
token of affectionate esteem this work is dedicated.” 

The significance of cracking of oil requires no ex- 
planation. It is noteworthy that the Russian en- 
gineer Shukhov preceded Burton by publishing a study 
and patenting a process of cracking oil under pressure. 

Preparation of aromatic hydrocarbons from _pe- 
troleum constitutes one of the most important problems 
of modern chemical research. It will, therefore, be of 
interest to point out that as early as 1877 Letni pyro- 
lyzed oil in the presence of carbon and platinized car- 
bon for the purpose of increasing the content of aro- 
matics in the charge. Pyrolysis of oil for the purpose 
ef preparing aromatics was also studied by Rudnev 
(1881), Nikiforov (1896), and Zelinskii (1915). 

In St. Petersburg the first contact method of prepa- 
ration of sulfuric acid in the presence of a platinum 
catalyst carried on pumice was demonstrated at the 
Tentelev Chemical Plant. 

The remarkable reaction of addition of water to 
acetylene in the presence of salts of mercury was dis- 
covered by Professor M. Kucherov in the 80’s of the 
last century. Little attention was paid to this dis- 
covery for a period of 30 years, until, during the first 
world war, the Germans began to employ this reaction 
for the preparation of acetic acid and ethyl alcohol. 

Just as much attention is due the Russian achieve- 
ments in physics and electrical technology. In 1874 a 
student of the St. Petersburg University, A. N. Lady- 
gin, experimented with heating metallic wire and small 
granules of coke by means of electrical current and de- 
cided that electricity may be used for illumination 
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purposes. Thus, the first Ladygin electrical lamp was 
built on this principle. The Imperial Academy of 
Sciences honored Ladygin with the Lomonosov prize. 
Simultaneously, Ladygin applied to the Department 
of Trade and Manufacture for a patent and organized 
a company for exploiting his invention. Florensov, 
who later was my professor at the Artillery Academy, 
and Didrichson further perfected the Ladygin lamp. 
In 1875 the Ladygin-Didrichson lamp was demon- 
strated in Paris and tested by the famous Gramm and 
in Berlin at the Siemens-Halske plant at the same time. 
Practical use of this lamp was made in 1876 during the 
construction of the Aleksandrovskii bridge over the 
Neva. Several other Russian scientists also developed 
electrical lighting devices at about the same time as 
Ladygin. Notable among them was Paul Yabloch- 
kov, whose carbon are ‘candle’? was commercially 
produced on a small scale in 1876. Only toward the 
end of 1878 the American press carried the news of 
the incandescent lamp invented by Thomas Edison. 

Another discovery of paramount importance was 
made by Aleksander Stepanovich Popov, a professor of 
the Naval Engineering School. This discovery relates 
to radiotelegraphy, a field that had not yet been ex- 
plored in his time. All important Russian specialists 
in this field regard A. S. Popov as the originator of 
radiotelegraphy. Continuing the .research of Hertz, 
Popov reached a point at which he could receive very 
faint electromagnetic waves through long distances, 
which was sufficient as a means of communication. In 
1895, A. S. Popov demonstrated before a large audi- 
ence at the University in St. Petersburg an ap- 
paratus for wireless transmission from the chemical 
laboratory to the physics lecture room in which he pre- 
sented his work. I was a very young chemist at that 
time, but I still retain the vivid impression which the 
very numerous members of the Physico-Chemical 
Society received at that historic meeting. Popov 
further perfected his apparatus and in 1897 he was 
able to operate transmission stations for a distance of 
five kilometers. Unfortunately for Russian science, 
A. S. Popov soon afterward died of heart failure. 

I would like to point out that the famous Marconi 
knew about all Popov’s experiments, and published 
his first papers on radiotelegraphy in 1897. 

The question may be asked why Popov’s invention 
was not properly utilized in Russia, while Marconi 
succeeded in developing his discovery in this field to an 
extent which gave him universal recognition as the 
creator of radio transmission. Lord Beaconsfield was 
asked once what the secret of success was. His answer 
was, “The great secret of success consists in the ability 
of grasping the opportune moment.’”’ However, it is 
my opinion that this is not the only secret of success. 
The proper moment can be found for realization of a 
discovery or invention only when favorable circum- 
stances are available and when the government and 
the industry are led by people who are capable of 
evaluating the discovery made. In answer to his re- 
quest for a grant of 35,000 rubles for an experiment to 
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establish a communication line between St. Petersburg 
and Kronstadt or Moscow, poor Popov received only 


5000 rubles. Conditions of which this incident is 
typical are certainly not conducive to development of 
research and translating it into commercial practice. 

On the other hand, the electrical industry in Russia 
was at that time in an embryonic state and could not 
afford the means for the development of a new branch 
of electrical technology. Even the incandescent lamps 
used in Russia were not made in Russian factories. 
Instead, they were supplied by German firms. 

It may be of interest to cite an example of the lack of 
understanding on the part of Russian industrialists of 
the potentialities offered by the country’s resources. 
Prof. D. K. Chernov discovered in Southern Russia an 
enormous deposit of rock salt. After resigning from 
the Obukhov steel plant in St. Petersburg, Professor 
Chernov settled in the South, in the Bakhmut county 
of Ekaterinoslav province, where he studied the location 
of the salt deposits and lakes and explored the salt 
strata by drilling. For a long time he attempted to 
persuade industrialists in St. Petersburg and Moscow 
to subsidize this work and to begin industrial utilization 
of the salt, but his attempts failed. Thanks to his 
compelling energy, he did not drop the project. He 
turned to foreign firms and enlisted the aid of Dutch 
capital, by which means an enormous development of 
the salt industry in that region soon became a fact. 

Concerning those industries which reached a state of 
independence, such as the sugar, textile, and others, 
numerous examples can be cited of the state of per- 
fection to which we developed industrial methods 
brought from the West which sometimes astonished 
foreigners. 

Let us also refer to scientific achievements of Russian 
scientists in other fields in which some Russian names 
are well known. These include mathematics (mem- 
bers of the Academy of Sciences Chebyshev and 
Lyapunov), physiology (Sechenov, the famous I. 
Pavlov, and Mechnikoff), agriculture (Vinogradskii, 
Dokuchaev, and Pryanishnikov). 

The beginning of the 20th century marked the 
development of catalytic chemical reactions. Simul- 
taneously and independently, new ways were found in 
France and in Russia which were destined to direct the 
future development of science as well as technology. 
It may be said that the era of catalysis was reached in 
organic synthesis. Immediately, industry started a 
revision of all previous scientific research in which 
catalytic phenomena have been as much as hinted. 
These works were studied and as soon as possible the 
results were brought into commercial practice. While 
the French scientist Sabatier studied catalytic hydro- 
genation of organic substances under the action of 
reduced nickel, the present author discovered new 
catalytic reactions, including dehydrogenation, de- 
hydration, polymerization, and isomerization. I was 
able to discover that metal oxides constitute perfect 
catalysts for many reactions. Furthermore, the enor- 
mous significance of the pressure factor in catalytic 
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processes was demonstrated for the first time and an 
apparatus known as the bomb was constructed, which 
permits safe laboratory experiments under several 
hundred atmospheres pressure. 

All these discoveries which were made in a period of 
four to five years facilitated the introduction into in- 
dustry of new processes: the synthesis of ammonia 
under pressure from nitrogen and hydrogen, done by 
Haber; synthesis of methyl alcohol from carbon 
monoxide and hydrogen, carried out by Patar; syn- 
thesis of gasoline from tars and coal, practiced now by 
the German I. G. Farbenindustrie; and, finally, pres- 
sure hydrogenation of various organic compounds which 
could not be hydrogenated without pressure, by the 
method of Sabatier. Thus, ideas and laboratory re- 
search done in Russia served as a basis for develop- 
ment of new chemical processes from which humanity 
benefited in peacetime and which are an extreme neces- 
sity in modern warfare. 

The war of 1914 found Russia completely unpre- 
pared from the chemical point of view. The chemical 
industry was very limited, and only the most essential 
chemical products were manufactured in Russia, such 
as inorganic acids, soda, ammonia, sodium hydroxide, 
etc.; of organic compounds, alcohol, glycerin, soaps, 
and explosives. All dyestuffs, pharmaceuticals, and 
other organic preparations were imported from Ger- 
many. It is true that the government attempted to 
practice a tariff policy designed to develop the domestic 
chemical industry, but this was done in a very in- 
effectual way and hardly remedied the situation. 

Curious incidents may be cited in this connection. 
For instance, the war ministry wanted to be assured 
that trinitrotoluene used as an explosive should be 
made of domestic material, and in its contracts with 
industrial firms insisted that domestic toluene be used. 
However, they paid no attention to the source from 
which the toluene was obtained, and while toluene was 
actually produced in Russia, it was obtained from so- 
called ‘‘crude benzol,’’ a product of coal coking, the 
entire supply of which was imported from Germany. 
The domestic industry was limited in this case to the 
distillation of crude benzol and the preparation of a 
fraction containing toluene. In 1914, at the beginning 
of the war with Germany, Russia produced no crude 
benzol as a coking product and found itself without 
toluene, a fact which was very well known to the enemy. 

Another shining example of mismanagement in Rus- 
sian industry is the case of potash. Crude petash was 
produced in Russia before the first world war by burn- 
ing enormous quantities of sunflower plants after re- 
moval of the seeds. This crude potash was sold for a 
trifle to Germany and refined potash bought from 
Germany at a high price. 

All this illustrates the difficult problem with which 
we chemists were faced when charged with the responsi- 
bility of organizing new branches of the chemical in- 
dustry and assuring the army of a supply of explosives, 
poison gas, etc. We succeeded in constructing within 
two or three years of the war more than 20 plants pro- 
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ducing crude benzol from coal coking and pyrolysis of 
petroleum oil to obtain benzene and toluene in large 
amounts. A series of plants was built producing 
sulfuric acid, nitric acid, and explosives. 

The success of this work was made possible only by 
the well-founded chemical and technical training re- 
ceived by the Russian chemists and engineers under 
teachers whose names are known throughout the world 
and who created an independent Russian school of 
chemists. 

War is a test of a nation, and all faults in state func- 
tioning are most obvious during a war. However, the 
genius of a people and its potential strength also come 
to the fore. 

In 1917, during the war, the great revolution broke 
out in Russia, as a consequence of which not only was 
Russia forced to interrupt all military operations and to 
conclude peace with Germany, but also to change the 
entire economic structure of the country. The civil 
war and the attendant lack of raw materials and fuel 
shut down many plants. Disorganization of the 
transport starved cities and villages of Russia. 

An idea of the drop in the efficiency of plants and 
factories may be given by the following example: In 
1913, about 270 million puds (4.5 million tons) of cast 
iron were produced. In 1921, this amount dropped to 
only nine million puds (150 thousand tons). Under 
these conditions, scientifi cresearch came to a halt in 
the frozen laboratories of the universities and the 
institutes. 

Realizing that ideas of ‘‘military communism” can- 
not be carried out under peacetime conditions and 
acknowledging his miscalculations, Lenin, being a 
great man, decided in 1921 on a sharp turn in the 
government policy and created the New Economic 
Policy (N.E.P.). He called in outstanding experts to 
work for the restoration and expansion of industry and 
agriculture, hand in hand with communists who ruled 
the country. At this time I was made a member of 
the Soviet government and charged with the duties of 
managing the entire chemical industry and all scien- 
tific institutes which were to stimulate the further 
development of Soviet industry. 

Remarkable results were achieved by this turn in 
the governmental affairs, but the incurable illness and 
later death of Lenin made it impossible to carry through 
all the measures outlined by him in his decree introduc- 
ing the new economic policy as a basis for improving 
the welfare of Russian citizens. 

Since I headed, for a long time, the scientific-technical 
‘division of the Supreme Council of National Economy 
and also participated in the meetings of the commis- 
sariat of education, I was in touch with the develop- 
ment of the educational work in Soviet Russia. Having 
acquired the power, the communist decided that illit- 
eracy should be wiped out, which was beyond doubt a 
correct decision. A decree was immediately pub- 
lished making education compulsory. It must be 
remarked, however, that even before the war of 1914, 
as early as 1910, universal compulsory education was 
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decided upon in principle and by 1922 illiteracy was 
expected to disappear in Russia. The execution of 
this measure was delayed for several years only be- 
cause of a lack of teachers for village schools. In 
1916, 91 per cent of all children dwelling in the cities 
were in schools. Only a small percentage of city 
dwellers remained illiterate—for the most part, old 
people. 

Concerning higher education, the Soviet govern- 
ment made the college-grade schools easily accessible 
to everybody. At first the access was perhaps too 
easy, since every citizen 16 years of age or over could 
enter a school for higher education without any exami- 
nation. However, this tribute to the revolution was 
short-lived, because the complete failure of this meas- 
ure soon became evident. In order for universities 
and higher technical schools to perform their functions, 
adequate secondary school education of the students 
was necessary. In their great desire to make the 
academic work of secondary school students as easy 
as possible, a new system of instruction was introduced, 
sharply differing from that previously employed in 
Russia and other countries. However, the experience 
of several years demonstrated the necessity of a change. 
The schools for the most part returned to the program 
of the old Russian school which gave well-prepared 
students to the universities. 

As long as the new system of instruction was experi- 
mented with in the secondary schools, the adminis- 
tration of the schools for higher education constantly 
complained of the backwardness of the students be- 
cause they received a very poor preparation. This 
condition was not limited to subjects such as mathe- 
matics and physics; many could neither write correctly 
nor express their thoughts in writing. Success of 
college education began to show continuous progress 
as soon as the methods of secondary school education 
were changed. 

The desire for education is enormous among present- 
day Russian youth, and despite the difficult living con- 
ditions in large cities the students are ready to suffer 
all privations of their big city life in order to obtain a 
higher education and become instrumental in the 
progress of industry and agriculture. The Soviet 
government has now opened all the schools to all 
citizens of the U.S.S.R., regardless of whether they are 
or are not members of the communist party, whether 
they come from the former bourgeoisie or are sons of 
peasants or workers. 

It may be remarked here that during the czarist 
régime also the secondary schools, such as gymnasiums 
and “‘real schools,’’ as well as universities, were open to 
all classes of the population. I was a student in the 
Third Military Gymnasium in Moscow and shared 
my school desk with students of whom one was the son 
of a count, one, the son of a small merchant, the third, 
a peasant’s son. My children went to the Eleventh 
Gymnasium in St. Petersburg which was located in 
the Vyborg district populated by workers; 95 per cent 
of all students of that gymnasium were children of 
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workers, small tradesmen, porters, and only five per 
cent were children of officials in the civil service. The 
gymnasiums in the cities had, however, few children 
of workers and peasants, owing to the high tuition fees 
in both the secondary schools and universities, and to 
the expense of maintaining a student in the city if he 
had no relatives with whom to stay. Proficient stu- 
dents of the secondary school in need of financial 
assistance, however, could receive scholarships. This 
covered about 10 per cent of the students. 

At first the Soviet government abolished tuition fees 
in all schools. In addition, scholarships were freely 
granted, but later the government introduced fees, 
first in the higher educational institutions and later 
also in the secondary schools. 

A great achievement to the credit of the Soviet 
government’s effort to develop industry was the 
founding of a large number of research institutes de- 
signed to serve science as well as industry. It was 
recognized by the government that without preliminary 
investigation of physical and chemical processes in the 
laboratory, no large-scale production can be under- 
taken. In 1921, when the present author took over 
the management of the institutes responsible to the 
scientific-technical division of the Supreme Council of 
National Economy, some of these institutes had a 
record of activity begun before the revolution and 
others were only in the state of formation. For in- 
stance, the Institute of Applied Mineralogy was 
started with a small laboratory founded before the war 
of 1914 by V. V. Arshinov, a son of a rich Moscow 
merchant greatly interested in collecting minerals, who 
later became a professor. In his house in the Pyat- 
nitskaya Street, Arshinov assembled an interesting 
collection of minerals and some apparatus for their 
investigation. Furthermore, he collected also a volu- 
minous library on mineralogy. Arshinov offered his 
laboratory to the scientific-technical division and thus 
a new institute was born. A few years later, in 1928- 
29, we succeeded in obtaining from the Soviet govern- 
ment an appropriation for the construction of a re- 
search institute of geology and mineralogy and to 
equip it in accordance with present-day scientific re- 
quirements. 

In a similar way the Institute of Fertilizers was 
organized and developed. At the very beginning of 
the revolution in 1919, an institute for study of fer- 
tilizers was organized on the initiative of Professor Ya. 
V. Samoilov in a small private house in Moscow on the 
Tikhvinskaya Street. This institute was also trans- 
ferred to the jurisdiction of the scientific-technical 
division. The great importance of research on fer- 
tilizers for Russia as an agricultural country required 
organization of a large institute to cover this field, and 
after proper presentation to the government a new 
building for the Institute of Fertilizers was constructed 
in 1930-31, along with the Institute of Mineralogy. 
In a short span of time, the new institute amortized 
the expenses ineurred in its organization. It is suffi- 
cient to point out that in this institute, methods were 





164 


developed for manufacturing fertilizers from apatite 
ores coming from the newly prospected extensive 
Khibinsk deposits in Lapland, the largest deposits of 
this mineral in the world. In 1932-35, this institute 
also prospected new enormous deposits of phosphorites 
in Middle Asia in the Kara-Tau mountains. The re- 
sources in that locality are not smaller than those in 
Lapland. , 

L. Ya. Karpov, a member of the Executive Presidiu 
of the Council of National Economy, took the initiative 
as early as 1919 in organizing a small laboratory in a 
private house in the Armenian lane in Moscow for the 
purpose of serving the chemical industry. A. N. Bakh, 
who had just returned to Russia from Switzerland, 
where he spent most of his life as an emigrant, was 
engaged to direct the laboratory. It soon became 
evident that this laboratory could not serve the entire 
chemical industry and it was decided in 1920 to build 
a new one. Despite the great difficulties in construc- 
tion and the lack of materials, the Karpov Institute 
was opened in 1921. It was very well equipped and 
industry greatly benefited from the research carried 
out there. 

The number of State Institutes increased each year 
as the various branches of industry progressed and 
reached 20 in the 1920’s. Furthermore, the industrial 
trusts (organizations created by the government for 
the purpose of managing the various industries) also 
tried wherever possible to organize institutes and 
laboratories for the control and improvement of their 
own production. 

In 1935 the People’s Commissariat of the heavy 
industry published a book describing the research in- 
stitutes, their objects of study and the personnel re- 
sponsible for their work. According to this infor- 
mation the heavy industry was served by 99 institutes 
and 27 subordinate divisions. All these institutes are 
subdivided into two groups. The theoretical (princi- 
pal institutes) were directly responsible to the research 
department of the Commissariat and the institutes 
serving a specific branch of the industry were sub- 
ordinate to the general management of that industry. 
The following gives a more detailed subdivision: 
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These institutes were served by a total of 33,380 
people, of which 11,189 (33.5 per cent) were scientific 
personnel, 9358 (28.1 per cent) technicians, engineers, 
and laboratory assistants and 12,833 (38.4 per cent) 
were classified as service personnel and workers. 

For the purpose of preparation of scientific personnel 
in the U.S.S.R., a school of “‘aspirants’’ was founded in 
each university, research institute, and also in the 
Academy of Sciences. In 1935, the number of aspir- 
ants was 450. The budget of all institutes for 1934 
amounts to 269,000,000 Soviet rubles, of which the 
state appropriated 38,000,000 rubles and the rest was 
covered in the main by industry. It is beyond doubt 
that this organization of research institutes will be of 
invaluable help in the future development of science in 
the country, as well as in the introduction of new proc- 
esses and perfection of old methods used by the in- 
dustry. 

If a parallel is drawn between the development of 
the activity of these institutes from their inception with 
the development of Soviet industry, the necessity of 
such an organization of institutes for a socialized in- 
dustry will be confirmed. When the state was ad- 
ministered on a capitalist basis, research laboratories 
of this type were founded in Russia by private in- 
dustrial organizations, in rare cases by associations of 
industrialists. However, they certainly lacked the 
wide scope of embracing an entire branch of industry, 
which characterizes the institutes organized by the 
state. 

It would be an impossible task to give in this lecture 
even a general outline of all the achievements of Soviet 
science and industry during the 25 years of existence 
of the Soviet government. Only some of the most 
pertinent facts may be pointed out. The industry of 
nitrogen fixation may be regarded as the most out- 
standing achievement in the field of applied chemistry. 
This reached a size completely sufficient to satisfy the 
needs of agriculture as well as military needs. The 
output of other basic chemical industries also showed 
a very extensive growth. The fine chemical industry, 
such as the production of pharmaceuticals and dyes, 
proceeded at a slower tempo—a quite normal course, 
because a successful development of these industries 
requires a long period of training of a school of chemists. 
I recall in this connection a conversation with Trotsky 
in 1925 in which he asked, ‘““‘When will we have a dye 
industry such as the Germans possess?” To which I 
replied, ‘If we will develop the dye industry without 
any assistance, it will require about 25 years.”’ ‘‘This 
is hyperbole!’ Trotsky exclaimed. 

The pharmaceutical industry greatly benefited by 
the researches of A. E. Chichibabin, Orekhov, and 
others in the field of alkaloids. 

Toward the end of the 1920’s, I. Preobrashenskii 
discovered large deposits of potassium salts in the 
Perm Guberniya. The very extensive resources of 
potassium salts available in U.S.S.R. at the present 
time are sufficient to cover the entire needs of agri- 
culture as well as the chemical industry. 
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The necessity to develop a synthetic rubber industry 
was pointed out by Lenin at the very beginning of the 
revolution. This was attempted first by Professor 
S. Byzov, who prepared butadiene by pyrolysis of oil 
and polymerized the butadiene in the presence of 
catalysts. Several years later, in 1928 and 1929, 
Professor S. V. Lebedev systematically investigated 
preparation of butadiene from ethyl alcohol under the 
action of mixed catalysts and increased the yield of 
this hydrocarbon obtainable by the above method to 
such an extent that industrial application of the process 
appeared feasible. About 100,000 tons of butadiene 
from alcohol are being annually produced at the present 
time in U.S.S.R. 

Furthermore, an extensive investigation of the flora 
of U.S.S.R. was undertaken and a number of the most 
promising rubber-bearing and gutta percha producing 
plants collected (tau-sagyz, kok-sagyz). 

The theory and practical application of various cata- 
lytic reactions constitutes a subject of constant study 
in various institutes of U.S.S.R. Much work on this 
subject is being done at the Institute of High Pressures 
by Moldavskii. The research of V. V. Ipatieff, Jr., on 
corrosion of metals under pressure and solubility of 
gases in liquids under pressure, and of A. I. Dintses and 
A. V. Frost on application of thermodynamics to 
cracking of oil yielded many valuable data. 

The L. Ya. Karpov Institute of Physical Chemistry 


also pays much attention to research on catalysis, and. 


valuable data on the theory of catalytic processes were 


published by A. N. Bakh. A. N. Frumkin studies 


electrode processes and surface phenomena. Ya. K. 
Syrkin investigates application of physics to organic 
chemistry. N. N. Semenov heads the Institute of 
Chemical Physics and has been responsible for the 
development of the chain theory of chemical reactions, 
theories of combustion and detonation. 

Likewise, many important researches on all branches 
of chemistry were carried out in the universities and 
technical colleges, beginning in 1921. Chemists in all 
countries have noted the research of N. D. Zelinskii, 
A. E. Favorskii, Nametkin, Yur’ev, and many others. 

In the field of physics, the research of Professor L. 
Mandelstam and G. Landsberg may be pointed out, 
whose observation of the scattering of monochromatic 
radiation by quartz led them to the discovery of the 
phenomenon known as the Raman effect. This dis- 
covery was made by them almost simultaneously with, 
and independently, of, Raman. 

Before the revolution, no optical glass was produced 
in Russia. The Optical Institute, the activities of 
which began in 1918, attracted important scientists, 
including the Academicians Grebenshchikov, Vavilov, 
Preobrazhenskii, corresponding member of the Acad- 
emy Kachalov, and a number of professors. These 
collaborators of the Optical Institute showed a brilliant 
performance in solving the problem of production of 
optical glass. At the present time this research in- 
stitute is one of the leading institutions in the world 
working in the field of optics with respect to the volume 
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of the work done and the variety of problems studied. 

Research of the Academician Kapitza, a student of 
Rutherford, is known throughout the world. In 1934, 
Kapitza constructed in his laboratory in Cambridge a 
machine for liquefying helium by its expansion per- 
forming external work. This machine makes it 
possible to produce very low temperatures with more 
convenience and without the use of liquid hydrogen for 
preliminary cooling. A machine of this type is being 
operated at the present time in U.S.S.R. with the aid 
of which liquid helium is produced on a commercial 
scale. 

Briefly, Kapitza’s method consists of precooling 
compressed helium gas at some 30-atm. pressure by the 
use of liquid air boiling under reduced pressure at about 
65°K. The cooled gas is then made to do work in a 
specially designed engine, the exhaust gas being inter- 
changed with the incoming gas until an equilibrium 
temperature of 10°K. is attained. About five per 
cent of the total gas flow at this temperature is sub- 
jected to Joule-Thomson expansion with suitable inter- 
change and brought to liquefaction. The method is 
therefore unique in so far as the usual liquid hydrogen 
stage is omitted, thereby removing explosion hazard 
and materially reducing the cost of the equipment. 

The activities of the Central Aero-Hydrodynamical 
Institute which was named after Professor Zhukovskii 
must be mentioned. This institute performed a great 
service in the research on flying. Professor Zhukov- 
skii and his co-workers in the chief management of the 
air fleet took the initiative in 1917 in the organization 
of this institute. At that time the group was known as 
the “Aviation and Testing Bureau.’”’ In 1918, this 
bureau was reorganized into an institute headed by 
Zhukovskii and after the death of the latter, Academi- 
cian Chaplygin became the leader of the theoretical 
research of this organization. The work of the in- 
stitute embraces all important problems of aeroplane 
construction and investigates aerodynamical phenom- 
ena in the laboratory, using models flown in ‘an arti- 
ficial draft. A staff of competent students of aero- 
dynamics was assembled at the institute, and as a 
result numerous scientific achievements in aeronautics 
and hydrodynamics were brought about, for which 
G. G. Kul’man, V. P. Vetchinkin, and especially the 
corresponding member of the Academy of Sciences, 
A. N. Tupolev, are known as the most talented co- 
workers of this group. 

Being unable to list even briefly the outstanding 
research in other fields of science, I think it necessary, 
nevertheless, to mention the organization of a number 
of expeditions for the purpose of scientific study and 
investigation of mineral resources. These expeditions 
made great contributions toward development of 
Russian industry, and as a result new industries were 
created, such as mining of potassium salts, rare ele- 
ments, and large-scale development of phosphate 
fertilizers. The expeditions to the Pamirs headed by 
Academician Yu. Shmidt and his investigation of 
navigation routes in northern Arctic Ocean are gener- 
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ally known throughout the world. The fearless 
journey of Shmidt and his co-workers from Cape 
Cheluskin to the shores of America was followed 
breathlessly in Russia. Just as important are the 
scientific accomplishments of other Russian explora- 
tion parties in the Arctic Regions where 57 stations 
for scientific observation were maintained by the 
Soviet government in 1939. In that year alone 
Soviet pilots flew over 1,000,000 miles in the Arctic; 
the flight of M. V. Vodopyanov over the Kara Sea 
on May 24, 1939, provoked world-wide interest. 

In conclusion, it is to be acknowledged that many 
achievements made in Russia, as indicated above, 
found application also in other countries. Suffice it 
to say that polymerization of olefin hydrocarbons 
discovered in Russia by the author was developed 
in the United States and made possible manufacture 
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of 100-octane gasoline which is so acutely needed 
today for military aviation. 

Information on the work going on in the research 
laboratories of U.S.S.R. in this time of war is very 
meager. However, even these accidental bits indicate 
that scientific ideas born in the minds of Russian 
scientists are not permitted to come to a standstill. 
Research is being continued; for instance, a powerful 
cyclotron for utilizing atomic energy was recently 
installed in Kazan. Scientific effort is being gener- 
ally directed to serving the needs of the army and 
navy. 

There is no doubt that after this war the research 
workers of the numerous Russian institutes will re- 
sume the development of their work on problems the 
solution of which will raise the cultural life of the 
entire humanity in all countries to a higher plane. 


A Simple Demonstration of the Oxidation of Ammonia to 
Nitric Acid 
SAUL S. HAUBEN and RICHARD S. SIEGEL 
Brooklyn Technical High School, Brooklyn, New York 


NUMBER of demonstrations of the Ostwald 
process have been described in THIS JOURNAL.! 
The authors have used these and other methods, but 
have found the following objections to them as teaching 
aids: 

(a) In some, the addition of pure oxygen is neces- 
sary. This needlessly complicates the demonstration 
for the students and is not a true picture of the process 
as carried out commercially. 

(6) Those demonstrations which involve electrical 
heating, we have found, confuse the pupils. Many of 
them get the idea that the electric current is necessary 
for the reaction to take place. 

(c) None of the demonstrations shows how the 
exothermic nature of the reaction is taken advantage 
of commercially. 
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The authors feel that the following method elimi- 
nates the above objections since it employs only air 
and dry ammonia gas and, after the initial heating, 
utilizes the heat of reaction to cause the catalyst to 
function. The apparatus is easily assembled, entirely 
visible, and the chemicals are readily available. 

Procedure. Set up the apparatus as indicated in 


1 Haut, J. Cuem. Epuc., 11, 575 (1934). 
10, 639 (1933). 
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the diagram. Use enough platinized asbestos to fill 


-about 5.0 cm. of the glass tube and keep in place with 


two wads of glass wool. (We used a soft glass tube 
30.0 cm. long; internal diameter 2.0 cm.) Heat the 
portion of the tube containing the catalyst strongly 
for about two minutes with the Bunsen burner flame 
spread out by means of a wing top. While heating, 
apply strong suction from a water aspirator. Then 
pass ammonia gas, prepared by dropping concentrated 
ammonium hydroxide on sodium hydroxide pellets, 
at the rate of one drop per one to two seconds. When 
the catalyst begins to glow, remove the flame. Brown 
fumes of nitrogen dioxide will be observed filling the 
Florence flask within two to three minutes. If the 
ammonia gas is passed through too quickly, white 
fumes of ammonium nitrate may be seen. The stopper 
may be removed from the Florence flask, 20 to 30 ml. 
water added and shaken until the brown fumes dis- 
appear. The presence of nitric acid is shown by the 
litmus test and the brown ring reaction with ferrous 
sulfate and concentrated sulfuric acid. 

Preparation of the Catalyst. Medium-fine acid- 
washed asbestos fibers are soaked, with stirring, in 
a three to five per cent chlorplatinic acid solution. 
The excess solution is squeezed out and the asbestos 
heated to redness in a porcelain crucible or casserole 
with a Meker burner or, better still, in an electric 
muffle furnace. 

If platinum metal is available, about 1.5 g. can be 
dissolved in about 40 ml. aqua regia and solution 
evaporated to about 10 ml. volume. Then dilute the 
solution with about 40 ml. water, stir and soak the 
asbestos fibers, and proceed as before. 





Water in Military Campaigns 


EDWARD BARTOW, State University of Iowa, Iowa City, Iowa 


HE PROBLEM of water supplies for the cam- 
paigns in World War I and in the present World 
War is somewhat similar, but an outstanding difference 
in World War I is that landings were made and cam- 
paigns conducted on friendly territory. No attempt 
will be made to say what should be done in the present 
war, but we hope a résumé of experiences with the 
water supplies of World War I will prove interesting.’ 
It was necessary to provide water for troops in the 
base sections, including water for the warships and 
transports, for troops in transit, for troops in the front 
lines or advancing into hostile territories, and for the 
wounded in the hospitals. 

While the normal water supplies were sufficient for 
the inhabitants of the cities in the territory occupied 
by the Americans, additional supplies had to be 
furnished for troops stationed in cities, or in camps, 
or in hospitals. 

Water Supplies at the Base Sections. In World War 
I, each base section, or rather the city or camp at 
which troops were landed, had its own specific problem. 
Unique situations were found at Brest, Bordeaux, St. 
Nazaire, and La Rochelle. 

Brest, Base Section No. 5, had an excellent water 
supply for its normal population. A small water 
tower in the system (see Figure 1) illustrates its size. 
When it was necessary to furnish water to the transports 
and to 80,000 troops housed in Camp Pontanesan, 
the water supply was entirely inadequate. The 
American army built a dam and a reservoir and in- 
stalled filters to obtain its own supply of water of good 
quality. German prisoners were used to construct 
a dam and lay a pipe line several miles to Camp Pon- 
tanesan. 

At first an agreement was made with the French 
Laboratory that the water be admitted to the city 
mains but should be as good as the bacteria-free city 
water. Bacteria-free water was obtained by treating 
the water from the reservoir with chlorine gas. Con- 
trol tests were made regularly and at one time the 
number of bacteria in the water from the reservoir in- 
creased. and the water became alkaline.? The trouble 
was traced to waste from a hydrogen generating plant 
where the hydrogen was prepared from ferrosilicon 
and sodium hydroxide for use in dirigible balloons 
guarding the harbor. When the waste was diverted, 
the water was again good. 

Bordeaux, Base Section Number 2, had large docks, 
built by the U. S. Army and there were several camps 

1 Bartow, Ind. Eng. Chem., 12, 903-7 (1920). 
un AND BEHRMAN, J. Am. Water Works Assoc., 8, 632-6 


in the neighborhood. Geological data showed that 
excellent water could be obtained at a depth of 800 
feet. Three wells were drilled to that depth and from 
each an artesian flow of 500,000: gallons a day was 
obtained. 

St. Nazaire, Base Section No. 1, (1) a dam was 
constructed but after its completion, there was no rain 
and the reservoir remained empty. (2) Some 500,000 
gallons of water per day were carried by tank boat 
from a fresh water stream up the Loire River and 
pumped into the city mains. The tidal Loire River 
could not be used because of its salt content. (3) A 
dam was constructed on Brivet River to cut out salt 
tidal water and retain the fresh water. A two-and-a- 
half million gallon filter plant was constructed. (4) 
A portion of Trignac Canal, a fresh water canal, was 
made into a settling basin and a second filter plant 
was constructed at Camp Montoir and a pipe line 
(Figure 2) laid on the surface to bring the water to the 
city mains. 


FIGURE 1.—STAND TOWER, FRENCH WATER SYSTEM, 
Petit Paris, BREST 
La Rochelle, Base Section No. 7, obtained the city 
water supply from gathering galleries dug in low ground 
near the bay. Under ordinary conditions, the water 
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was of good quality, bacteriologically, and fair quality, 
chemically. During a dry season or because of the 
extra demand of water by the American troops, salt 
water seeped back from the bay, making it so salty 
and hard that it could not be used for drinking purposes. 
The water contained so much mineral matter that it 
clogged the boilers of the unloading cranes and loco- 
motives. The Americans dug additional ditches and 
sunk some wells to increase the supply of fresh water. 
A representative of the water-analysis laboratories 
softened the water to be used in boilers and greatly 
increased the efficiency of the locomotives and cranes. 





FicureE 2.—Tricnac Dam, PiepE LINE LAID ON THE SURFACE 


Troops in Transit. When troop trains stop at a 
station, all the soldiers may desire to fill their canteens 
during a pause of half an hour or less. As a rule 
the stations had meager facilities (Figure 3), not 
enough to furnish water to the troops on a train made 
up of 25 cars of the type 40 and 8, with possibly a 
thousand soldiers. The Railway Transportation Serv- 
ice, the Medical Department, the Engineer Depart- 
ment, and the Water Analysis Laboratories cooperated 
in an attempt to furnish water for filling canteens 
rapidly. 

The engineers installed tanks which would supply 
water to forty or more faucets (Figure 4) or they in- 
stalled a number of Lyster bags, each having five 
faucets (Figure 5) in which bleaching powder could 
be added for sterilization. Lyster bags were not 
satisfactory for large numbers as the water had to 
stand 30 minutes for sterilization and often the trains 
passed at too frequent intervals. 

Troops at the Front. Sufficient water must be 
furnished to troops in trenches, in defensive positions, 
or advancing against the enemy. Water can some- 
times be obtained from municipal supplies or from 
isolated wells. Such sources of supplies are apt to be 
inadequate, and water from streams is used. If a 
retreating enemy is being followed, there is a possi- 
bility of contamination, either intentional or accidental. 

During World War I, railway tank cars were used 
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to the end of the railway tracks, tank trucks were used 
when the highways were good enough; and finally, 
when roads were poor or trails were narrow, tank 
wagons with the faithful mule were used. The cars, 
trucks, and wagons had to be filled at water points, at 
wells, or on a stream. Water from a stream was ob- 
tained through a pump and filter with sterilizing equip- 
ment on trucks. Sometimes a permanent water station 
containing the necessary pumps, filters, and sterilizing 
apparatus was used (see Figure 6). Settling basins 
and clear water reservoirs were sometimes added. 

At one pumping station, there were steam pumps 
as used originally by the French, electric-driven pumps 
operated with power from Germany, installed by the 
Germans when the French retreated, and finally, 
gasoline-driven pumps put in by the Americans after 
the German retreat. 

Liquid chlorine fed through special apparatus was 
used at the larger water points and was very successful 
as a Sterilizing agent. At least 150 liquid chlorine 
machines were used by the A.E.F. in France and even 
in the occupied regions of Germany. In smaller in- 
stallations where liquid chlorine would not be practical, 
bleaching powder was used to treat the water in Lyster 
bags. The bag held 30 gallons of water, and glass 
ampoules each containing sufficient bleaching powder 
to sterilize the 30 gallons were furnished to the troops. 
A difficulty in using the ampoules of bleaching powder 
is that different waters require different amounts of 
bleaching powder and with some waters, there is a very 
unpleasant residual taste. Often the boys prefer to take 
the risk of drinking untreated water. 

For the individual soldier whose treated water is 
exhausted or who is separated from a central water 
supply, tablets containing a sterilizing agent of such 
strength that a tablet can sterilize a glass or canteen 
of water might be furnished. Each soldier could 
carry a number of these for use in emergencies. 

Water Supplies for Hospitals. An abundance of 
pure water is required by hospitals which are located 





FiGURE 3.—FRENCH CANTEEN FILLING PoInt AT R. R. STATION, 
OrLEANS, May 4, 1919 
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at each base section and are scattered throughout the 
territories behind the front lines. American army 
hospitals were placed in French hospitals, or in hotels; 
or hospital centers were built. 

The water supply for the centers must be sufficient 
for 20,000 beds, which in an emergency may be ex- 
panded to 40,000 beds. Allowing 35 gallons per 
patient, 700,000 to 1,400,000 gallons would be re- 
quired daily. This is equivalent to the water required 
by a fair-sized city. 

There was a tendency to locate the hospitals and 
later look for a water supply. Hospitals were located 
in resorts like Vichy and Contrexeville in France 
and after the Armistice, in Neuenahr and Ahrweiler 
in Germany. The water supply of some of these 
hospitals had to be sterilized. 

At the Mars hospital center, it was thought that a 
beautiful spring, Fontaine Daniell, would give an 
adequate supply. A short period of pumping dried 
the spring. Because of the location of the hospital, 
it was necessary to build an intake in the Allier river 
several miles away. The height of the water in the 
river varied so much that it was necessary to construct 
a deep pumping pit and weight it heavily to prevent 
its floating away at times of high water. The water 
was pumped to a filter plant in which American pressure 
filters were installed and then to a stand tower at the 
hospital. The hospital at Alleray obtained its water 
supply from a river, but had difficulty with quicksand 
over which the pumping station was built. 

At Savenay, the hospital embarkation center, near 
St. Nazaire, a concrete dam 50 feet high and 400 feet 
across formed a reservoir of 140 million gallons capacity. 

The reservoir did not supply enough water and a 
supplementary reservoir was built on another water- 
shed. The water flowed by gravity to a rapid sand 
filtration plant having a daily capacity of about 
720,000 gallons. Sulfate of aluminum and soda were 
used as coagulants and liquid chlorine for sterilization. 
The filtered water was pumped to an elevated tank 
and the hospitals. 

Quality Control. Late in 1917, representatives of the 
medical corps and of the engineers decided to organize 
laboratories for the quality control of the water supplies 
of the A.E.F. No special provision had been made 
for analytical work except as it could be done by the 
sanitary officers attached to the various divisions 
or to the Water Service Engineers. It was agreed to 
obtain personnel either from the United States or from 
the army in France. To obtain help from the United 
States, a cablegram was formulated and sent in the 
name of General Pershing. Two of those suggested 
for commissions could not be released by the munici- 
palities by which they were employed. Another 
declined to accept a commission on the ground that 
General Pershing did not know who he was. 

Two groups were, however, chosen and sent to 
France for service with the water analysis laboratories. 
On reaching the other side, these men were lost, as no 
direct notice was received by the O.C., nor did they 
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have orders where to report. One sent a telegram ad- 
dressed to Boulevard ‘‘Henry Fourth,’ Paris. It was 
returned by the Paris office with the statement that 
there was no such street in Paris—the French name 
being ‘‘Henri IV” (quatre). They went to the medical 
corps reception center at St. Aignon, and one was 
later found there sitting on a soap box wondering what 
would happen. One was in a hospital with a serious 
case of flu. In due time all were found and assigned 
to posts. 





FiGuRE 4.—CANTEEN FILLING POINT WITH TANKS AT R. R. 
StTaT1ion, ANGOULEME, May 4, 1919 


Such good work had been done by the American 
Chemical Society in picking out the chemists and 
assigning them to chemical work in the United States 
that a search of the classified files at the registration 
center showed practically none. 

One man was found who was serving as a laborer 
in a warehouse, even though he was a graduate of 
an American university and had had experience in 
the water laboratories of one of the transcontinental 
railroads. A request was made of the chief quarter- 
master for his transfer to the Sanitary Corps and a 
copy of the letter was sent to the chief surgeon. The 
quartermaster denied the request, but the chief surgeon 
arranged the transfer and the chemist was able to do 
very effective work in treating water used in the 
boilers, on locomotives and cranes at La Rochelle. 

Eleven laboratories were established in the service 
of supplies. Chemicals and apparatus were obtained 
from the supply depot of the medical department as 
far as possible, and some were obtained with the help 
of the French from French chemical supply houses. 
Sets of apparatus were gathered together and these were 
located in various places throughout the country. 

On the supposition that samples of water could be 
collected from various camps and brought at frequent 
intervals to the central laboratories for analysis, such 
laboratories were established in the territories occupied 
by the Americans. Each laboratory had one or more 
qualified officers with several enlisted men as assistants. 
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For distances too great to transfer samples to the 
laboratory and for positions near the front, the so- 
called ‘‘sterilabs’’ were moved on trucks. These 
sterilabs accompanied water tank trains and were 
attached to the companies of the water service en- 
gineers. Like the stationary laboratories, they were 
in charge of officers and enlisted men. Sometimes 


because of lack of trucks for general use, the labo- 
ratory was blocked up and the chassis removed for 


Ficure 5.—Lyster Bacs AT R. R. STATION, ST. PIERRE DES 
Corps, May 4, 1019 


use in ordinary trucking. These sterilabs were taken 
quite close to the front. In the St. Mihiel sector, one 
of the laboratories was hit by bomb fragments. In 
the Argonne, an officer and an enlisted man were 
injured when one of the sterilabs being moved to 
a new position was caught in an air raid. 

Miscellaneous Problems. While the protection of 
health by purification and control of the drinking 
water supply was the most important duty of the 
laboratories, other problems were often submitted, 
especially to the central laboratory at Paris. The 
Paris laboratory was located first in the chemical labo- 
ratory in the zodlogical garden, the laboratory of 
Professor Louis Lapicque, and later in a laboratory 
in the Jardin Des Plantes. 

The laboratory recommended treatment for softening 
the water at a large laundry at St. Pierre du Cours, 
near Tours. Treatment with water softening chemicals 
was recommended at once and a permutit softening 
plant was recommended and later installed. The 
laboratory recommended treatment of water for 
water-cooled airplane engines. 

A large shipment of sugar became wet with bilge 
water. The laboratory examined it and made recom- 
mendations concerning its possible disposal and use. 

One of the laboratories made examinations of the 
ampoules containing bleaching powder and found 
6.5 per cent of tubes from one manufacturer and 41 
per cent of tubes from another to be defective. All 
tubes were then inspected and suggestions made, 
through channels, that inspectors be placed in all 
factories manufacturing these tubes. 
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When small hospitals were taken over for use by the 
American armies, it was understood that the buildings 
should be returned to their original condition when 
given up by the armies. In one hospital, modern 
plumbing, water supply, and drainage were installed, 
but when the hospital was given up, the Sisters de- 
manded that the modern plumbing, etc., should be 
removed and the hospital restored to its original form. 

Methods of Analysis.* A bulletin on water analysis 
adapted for use in American Expeditionary Forces 
laboratories was compiled by the staff and published 
by the bureau of medical publications of the American 
Red Cross Society in France. Under sanitary water 
analysis it included methods of physical, chemical, 
and bacteriological analysis. Under industrial water 
analysis were given rapid methods for determining 
the mineral content. 

The methods were adapted from standard methods 
of water analysis of the American Public Health 
Association, 1917, methods and standards adopted 
by the U. S. Treasury Department for drinking water 
furnished by common carriers in interstate commerce 
and from Medical War Manual No. 6, Laboratory 
Methods of the United States Army, 1918. 

Interpretation of Results. In the interpretation of 
water analysis, the sanitary surroundings, the bacterio- 
logical conditions, the physical, and the chemical con- 
ditions shall be considered in giving an opinion con- 
cerning the quality of a water. Whenever there is 
need for quick results, a water may at the end of 
24 hours be reported unsafe without treatment: (1) if 
sanitary conditions are unfavorable; (2) if more than 
100 bacteria grow on agar at 37°C.; (3) if more than 
one of five 10-cc. portions show gas in lactose broth 
and coli-like colonies appear on Endo medium; and 
(4) if the chemical condition is unsatisfactory. 

Signs to denote the safety of the water were prepared 
for posting at various water points. Often the French 
had posted similar signs, as, for example, Kau Potable 
or Eau Non Potable. 


FIGURE 6.—PUMPING STATION AND WATER TROUGHS NEAR FRONT 
LINE 


3 BARTOW AND GREENFIELD, Am. J. Public Health, 11, 65-6 
(1921). 





Reversible Chromatic Thermosensitivity 


EUGENE W. BLANK 


Research and Development Department, Colgate—Palmolive-Peet Company, Jersey City, New Jersey 


This paper directs attention to the frequent occurrence in chemical substances of re- 


versible color changes as a result of a change in temperature. 


Some of these color 


changes are explainable on the basis of allotropy; others are of unknown mechanism. 
Among the substances chromatically sensitive to heat are the borax beads, microcosmic 
salt beads, copper (I) and silver (I) tetraiodomercuriate (II), the chromates, various 


oxides and sublimates, and the hexacyanoferrates (II), (III). 


The colors of the hexa- 


cyanoferrates (IIT), (IIT) have been found to be remarkably sensitive to changes in tem- 


perature. 


No explanation of the phenomenon 1s available at the present time. 


There 


is little in the literature on the subject and much work remains to be done in this field. 


INTRODUCTION 


GREAT many chemical substances change color 
upon being subjected to a change in temperature. 
As a result the temperature of the heated object may 
often be qualitatively estimated from its color. This 
fact is of value in quantitative analysis as a rough 
approximation of ignition temperatures (1). However, 
of all the many chemical substances that change color 
on being heated, only a very few revert to their original 
color when the temperature change is reversed. The 
behavior of tlte latter is the subject of this paper. 

Mercuric iodide furnishes a typical example of a 
reversible color change for which an explanation is 
available (pseudo-morphism). Upon heating red mer- 
curic iodide, yellow rhombic crystals can be obtained by 
condensation of the vapor.!. After a short time these 
spontaneously transform to the red tetragonal modi- 
fication without alteration of external shape, despite 
complete internal rearrangement. If the yellow iodide 
persists at ordinary temperatures, it rapidly changes 
to the red form when rubbed with a glass rod. 

Bloxam (2) has described a very striking demon- 
stration experiment based on the above transformation. 

The double iodides, Cue(Hgl,) and Age(Hgl,), find 
a limited industrial use as heat-indicating paints (3). 
Thus copper (I) tetraiodomercuriate (II) on heating 
turns from scarlet to black rather sharply at 71°C.’ 
The corresponding silver salt, silver (I) tetraiodomer- 
curiate (II) changes from yellow to red at approximately 
45°C. but the transition is not so sharp as in the case 
of the copper salt. 

It is unfortunate, but in a great many cases no ex- 
planation is available as to why a particular substance 
should undergo a reversible color change when sub- 
jected to changes in temperature. 


1Colors are designated by I.S.C.C.-N.B.S. color names. See 
BIEFELD AND GRIFFING, THIS JOURNAL, 19, 282, 307 (1942). 
2Compounds are named according to the rules given by the 
International Union of Chemistry for Reform of Inorganic 
Chemical Nomenclature, 1940, J. Am. Chem. Soc. 63, 889 (1941). 


REVERSIBLE CHROMATIC THERMOSENSITIVITY OF OXIDES 
AND SUBLIMATES 


A chromatic reversibility under the influence of heat 
is shown by a number of substances encountered in 
qualitative analysis. Table 1 lists the data given by 
McAlpine and Soule (4), Senter (5), Warren (6), Kraus 
and Hunt (7), and Ephraim (8). 

TABLE 1 
REVERSIBLE COLOR CHANGES OF OXIDES AND SUBLIMATES ON HEATING 
Color Cold Color Hot 


White 

Green 

Green 

Dark reddish brown 
Reddish brown 
Dark yellowish green 
Moderate red 
White 

Strong yellow 
White 

Dark orange 
Weak yellow 
Yellow 

Dark red 
White 

Strong red 
White 

White 

Yellow 

Weak yellow 
Strong red 
Pale yellow 


Substance 


Yellow 
Brown 
Yellow 

Black 

Red to black 
Yellow 
Strong red 
Yellow 

Black 

Light yellow 
Dark brown 
Brown 
Brown 

Black 

Light yellow 
Black 

Yellow 
Yellow 

Red 

Strong yellow 
Strong purple to black 
Orange to dark reddish brown 


TiO:z 
Cr2O03 
MnO 
Mn304 
Fe203 
NiO 
Cu20 
ZnO 
As2Ss 
MoO: 
CdO 
In2Os 
SnOz 
Sb:S:0 (Kermesite) 
TeO:z 
HgO 
Heg2Cle 
HgCl2 
TlL0 
PbO 
Pb3s04 
BizOs 


Ferric oxide gives a yellow glaze on porcelain and is 
used by the Chinese to produce the colored glaze 
known as Imperial Yellow. This glaze is very sensitive 
to temperature changes and it is possible to discern 
changes in color of this glaze when it is used on teapots 
and other vessels subjected to heat. The reversible 
yellowing of ordinary procelain laboratory ware at high 
temperatures enables one to distinguish between a hot 
and a cold vessel by appearance. 

As shown in Table 1, red mercuric oxide on heating 
becomes black in color and regains its original red 
color on cooling. The yellow modification of mercuric 
oxide on heating becomes red and then black. On 
cooling it reverts first to a red color and then to yellow 
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REVERSIBLE CHROMATIC THERMOSENSITIVITY OF BORAX 
BEADS 


The difference in color between a borax bead when 
hot and when cold is of significant value in qualitative 
analysis. Complete tables of borax bead colors in 
both the oxidizing and reducing flame can be found in 
most manuals of qualitative analysis (9, 10, 11). 
Microcosmic salt beads behave in a similar fashion (12). 
Only the borax and microcosmic beads _ that 
demonstrate reversible color changes on heating and 
cooling are listed in Tables 2 and 3. 

The colors with microcosmic salt are not in every 
instance identical with those of borax. In general 
the tests obtained with the borax flux are more delicate, 
while the microcosmic salt fusions yield a greater 
variety of colors. 

The difference in color of the beads in the oxidizing 
and reducing flame is due to valence change. Thus, for 
instance, the light reddish purple color of the man- 
ganese bead in the oxidizing flame is due to tervalent 
manganese; manganese in the colorless bead formed 
in the reducing flame is in the bivalent state (13). 

The change in color of the copper borax bead from 
blue to green is due to reduction of Cut++ to Cut (14) 


TABLE 
Borax BEAD TESTS 
(Only Reversible Color Changes Tabulated) 
Oxidizing Flame Reducing Flame 
Cold Hot 


Yellow 
Yellow 
Yellow 
Yellow 


Element 


Colorless 
Colorless 
Pale yellow 
Moderate yel- 
lowish green 
Blue Green re 
Nearly color- Red Nearly color- 
less less 
Colorless Yellow 
Light reddish Strong purple 
purple 
Brown Moderate purple err 
Nearly color- Pale yellow Light reddish 
less purple 
Colorless Yellow Colorless 
Weak yellow Yellow Green 
green 


Antimony 
Bismuth 
Cerium 
Chromium 


Copper 
Iron 


Lead 
Manganese 


Nickel 
Titanium Very pale 
purple 
Pale green 
Pale olive 


Uranium 
Vanadium 


REVERSIBLE CHROMATIC THERMOSENSITIVITY OF CHRO- 
MATES 


Lee (15) has found that at elevated temperatures 
the normal chromates of the alkaline earths of the 
type RCrO, change from their respective shades of 
greenish yellow to yellow, to orange and red shades, 
the original colors reappearing in reverse order on 
cooling. The color changes are best demonstrated 
with electric heat to prevent reduction of chromate 
to chromite. The extent of the color change on 
heating increases with diminishing atomic number 
of the alkaline earth whose normal chromate is heated. 

The effect of heat on some of the metallic chromates 
is quite similar. The color of lead chromate changes 
from deep yellow to dark red (16). Cadmium chromate 
is transformed from a strong yellow to deep red color 
and zine chromate changes from a deep yellow to 
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brown. Silver chromate exhibits a change from dark 
red to black. All of these color transformations are 
reversible. 

Lee (17) has also described the reversible thermo 
sensitivity of the mineral gillespite (FeO-BaO-4SiO.) 
from Fairbanks, Alaska. On heating this mineral, 
the color changes from a light purplish red to deep 
purplish blue. Upon cooling, the reverse color change 
occurs. The explanation of the phenomenon is not 
known. 

The mineral Cinnabar (HgS) becomes black on 
heating but the red color returns on cooling. If the 
mineral is heated above 410° it remains black on cool- 
ing. The labile character of the black form is shown 
by the fact that, in accordance with Ostwald’s rule, it 
it always the first form to be produced in a reaction. 
On grinding the black form in a mortar it is converted 
into the red form. 


REVERSIBLE CHROMATIC THERMOSENSITIVITY OF THE 
HEXACYANOFERRATES (I!) 


As early as 1925 it was noticed by the writer that 
the color of zinc (II) hexacyanoferrate (II) is extremely 
sensitive to changes in temperature. Recently the 


TABLE 3 
Microcosmic SALT BEAD TESTS 
(Only Reversible Color Changes Tabulated) 


Reducing Flame 
Cold 


Oxidizing Flame 
Element Cold ; Hot 


Yellow 
Olive 
Green 


Colorless 
Green 
Blue 


Cerium 
Chromium 
Copper 


Green 
Pale blue 
low green 
Iron Yellow Reddish brown Colorless Yellow to 
Light reddish 
purple 
Colorless 


Moderately red- 
dish purple 
Weak _ greenish 
yellow 

Red 

Yellow 

Pale yellow 


Manganese 
Molybde- Green 
num 
Nickel 
Titanium 
Tungsten 


Yellow 
Purple 
Pale blue 


Yellow 
Colorless 
Colorless 


Pale olive 
Pale olive 


Green 
Green 


Yellow 
Yellow 


Green 
Pale yellow 


Uranium 
Vanadium 


color changes on heating of various other hexacyano- 
ferrates (II) were investigated. The results found are 
shown in Table 4. 

The observation that the hexacyanoferrates (II) 
are chromatically reversibly thermosensitive appears 
to have escaped other investigators. Perret and Gislon 
(18) do not mention having observed any reversible 
color changes during the course of their comprehensive 
study of the thermal decomposition of various hexa- 
cyanoferrates (II). 

Table 4 lists those hexacyanoferrates (II) that were 
found to be reversibly thermosensitive together with 
the color changes they undergo and the temperatures 
corresponding to the transition from one color to an- 
other. 

The salts were heated in porcelain crucibles in an 
electric muffle and the resulting color compared with 
that of some of the unheated salt contained in a similar 
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TABLE 4 


REVERSIBLY THERMOSENSITIVE HEXACYANOFERRATES (II) 


Color of Air-Dried 


Compound Precipitate 


121° 
Dark yellow R 
93° 
Pale yellow R 
° 


Bismuth (III) hexacyanofer- Light yellow 
rate (II) 

Cadmium (II) hexacyanofer- 
rate (II) 

Cobalt (II) hexacyanoferrate 
(11) 

Lead (II) hexacyanoferrate 
(II) 


Pale olive 


Weak olive green 
Weak green R 
Light yellow 
Pale yellow NR 


Strong green R 
121° 232 
Light greenish 


———_—__—————- Successive Color Transformations and Corresponding Temperatures 


149° 

Dark olive NR 
149° 

Light blue NR 
93° 


260° 316° 
Dark brown R- Decomposes 


204° 
Dark green R 
*232° 316° 
Dark blue R Decomposes 
204° 260° 
Dark green R Decomposes 
17288° 343° 
Deep yellow R Decomposes 


177° 
Dark green R 
*204° 
Dark blue R 
t121° 
Dark green R 
tt260° 
Deep yellow R 


yellow NR 


121° 
Moderate bluish 

olive R 

93° 


Manganese (II) hexacyano- Weak yellow green 


ferrate (II) 
Nickel (II) hexacyanoferrate Light green 
(11) 
Zinc (II) hexacyanoferrate (II) Very light olive 17%? 
Light green R 


93° 
Light green R 


Zirconium (IV) hexacyanofer- Light greenish yel- 
rate (II) low 


* Reverses to light blue. { Reverses to pale orange-pink. 


crucible. If there was a perceptible difference the color 
was recorded according to the I.$.C.C.-N.B.S. color 
system. The muffle was equipped with a pyrometer 
reading in degrees Fahrenheit. 

The colors were compared and recorded at every 
50°F. rise in temperature but for purposes of tabulation 
the temperatures have been calculated to degrees 
Centigrade. In the tables the letter R stands for 
“reversible”; the abbreviation NR for “nonreversible.”’ 

Frequently upon heating the hexacyanoferrates 
(II), there is an initial non-reversible change in color 
as a result of the loss of water of hydration. At higher 
temperatures the reversible color changes are produced. 

Inasmuch as many of the hexacyanoferrates (II) 
are highly colored at room temperature and change 
color on being heated, strong cooling of the salts 
should reveal further reversible color changes. Ac- 
cordingly small amounts of various hexacyanoferrates 
(II) were placed in stoppered test tubes immersed in 
a cooling bath of acetone and dry ice. 

It was observed that on cooling, zirconium (IV) 
hexacyanoferrate (II) changes from green to strong 
blue. Molybdenum (IV) hexacyanoferrate (II) (which 
does not show thermochromatic properties on heating 
above room temperature) changes from a reddish brown 
to a dark red. Manganese (II) hexacyanoferrate (II) 


204° 
Moderate bluish 
olive R 
149° 
Dark yellow R Dark yellow R 
232 
Moderate olive 
NR 
121° 
Dark green R 


260° 
Decomposes 


260° 
Decomposes 
316° 
Vivid pink NR 


177° 204° 
Dark brown R- Dark brown R 
260° 288° 
Moderate olive Pinkish white 
NR NR 
149° 177° 
Strong blue- Deep blue R 
green NR 


371 
Decomposes 


316° 
Decomposes 


260° 
Deep blue R 


tt Reverses to light bluish gray. 


changes from white to pale purple while bismuth (III) 
hexacyanoferrate (II) appears to become slightly 
deeper yellow. All of these color changes are reversible, 
and in the case of zirconium (IV) hexacyanoferrate 
(II) the color transformation is particularly pro- 
nounced. 


REVERSIBLE CHROMATIC THERMOSENSITIVITY OF THE 


HEXACYANOFERRATES (III) 


In general, the hexacyanoferrates (III) do not show 
as marked changes on heating as the hexacyanoferrates 
(II) nor in the case of those changes that do occur are 
the color transformations as vivid as those demon- 
strated by the hexacyanoferrates (II). 

In a dry ice and acetone bath bismuth (III) hexa- 
cyanoferrate (III) becomes a deeper red than at room 
temperature. Upon allowing to warm to room tem- 
perature the normal color is regained. With the ex- 
ception of the bismuth salt, the hexacyanoferrates 
(III) listed in Table 5 do not show any color changes 
upon cooling in a dry ice and acetone bath. . 
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TABLE 5 


REVERSIBLY THERMOSENSITIVE HEXACYANOFERRATES (IIF) 


Color of 
Air-Dried 
Precip. 





Compound 


93° 121° 
Dark brown R 
121° 
Light brown R 
121° 
Pale yellow R 
° 


Bismuth (III) hexacy- Light brown 
anoferrate (III) 
Cadmium (II) hexacy- 
anoferrate (III) 
Manganese (II) hexacy- 
anoferrate (III) 
Mercury hexacyanofer- 
rate (III) 
Tin (II) hexacyanofer- 
rate (III) 
Zine (II) hexacyanofer- 
rate (III) 
* Reverses to pale green. 
t+ Reverses to light blue. 
tt Reverses to very light brown, 


Light yellow 149° 


Light brown 149° 


Pale blue 325° 

Light bluish green R 
93° t121° 

Pale green R 
+t149° 


Pale blue 
Pale green NR 

121° 
Brilliant yellow NR 


Light yellow 


Dark brown R 
Moderate olive NR 
Light yellow R 


Light bluish green R 


Light green R 


‘Successive Color Transformations and Corresponding Temperainres-——————- 


149° 
Dark olive NR 
*177° 
Moderate olive R 
hee" 
Moderate yellow R 
° 


232° 


Dark bluish gray NR 


2048 

Dark olive R 
204° 

Strong olive NR 
177° 

Deep blue black NR 

ee 

Light bluish green R 
204° 

Dark green NR 


204° 
Light bluish green NR 


Light bluish green R 
149° 


Pale green R 
ize" 
Dark green R 
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Spot Reaction Experiments 


Part II: Reactions on Filter Paper 
FRITZ FEIGL 


Laboratoria Central da Produgado Mineral, Ministerio da Agricultura, Rio de Janeiro, Brazil 


(Translated by Ralph E. Ocesper, University of Cincinnati) 


N THE first paper of this series! it was pointed out 
iI that spot analysis and semimicro spot reactions in 
many divisions of chemistry are valuable not only 
as lecture demonstrations, but especially as instruc- 
tive experiments for the student himself to carry out 
and to repeat at will, with small expenditure of mate- 
rial and in limited working space. Some of the fol- 
lowing spot reactions are of particular interest because 
they illustrate effects, hitherto unknown, that can be 
utilized for analytical purposes. 

If filter paper impregnated with a salt solution is 
treated with a suitable precipitant, the insoluble com- 
pound will present a far greater area of free surface 
than that exposed by the precipitate when formed in a 
test tube. This great development of surface is due 
primarily to the fact that the solid, in so far as it does 
not form a more or less coherent film on the surface 
of the paper, is dispersed throughout the innumerable 
capillaries of the paper. Consequently, aggregation 
into compact coarser fragments does not occur. 

The free surface of solids is extremely significant with 
respect to their chemical changes, because it is an im- 
portant factor in determining the reaction velocity. 
This statement is to be taken in the following sense. 
The particular form of the solid product has no effect 
on the reaction velocity of the dissolved material, 
which is in equilibrium with the solid phase. Invari- 
ably, a certain portion of the solid must pass into solu- 
tion before a reaction occurs there. However the rate 
at which a solid is transferred to the dissolved phase— 
that is, the physical rate of solution—is a function of 
the free surface and varies directly with it. On the 
other hand, there are reactions (particularly of very 
slightly soluble materials) which can occur directly on 
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the free surfaces of solids, either with or without the 
intervention of the dissolved portions. Obviously 
such reactions will proceed more quickly the greater 
the reactive surface. In addition, it should be noted 
that the appearance or disappearance of small quanti- 
ties of colored solid materials can be seen far better 
on the white background of porous papers than in a 
water suspension, for instance. It is clear then that 
phenomena may be encountered in spot reactions, in- 
volving solids highly dispersed in the capillaries of 
paper, which will entirely escape observation when the 
same reaction is carried out with compact pieces in test 
tubes, or which can be detected there only by far more 
tedious methods. The following experiments illustrate 
these points. 

4. Union of Sulfur or Selenium with Thallium Sul- 
fide.2. It was not known hitherto that solid thallium 
sulfide reacts with dissolved sulfur or selenium to 
form thallium polysulfides, TlS:S, and TlSe:Se,. 
Probably this fact escaped observation because com- 
pact thallium sulfide unites only slowly with sulfur or 
selenium dissolved in an organic liquid. However, if 
filter paper impregnated with TlS is spotted with a 
solution of sulfur or selenium, combination is rapid and 
extensive because of the increase of the Tl:S surface. 
The products, red-brown with sulfur and black-brown 
with selenium, are insoluble and become quite visible 
if the spotted paper is bathed in dilute acid; whereas 
the unchanged TS is dissolved almost instantly. 
Consequently the black-brown thallium sulfide paper 
loses its color except where characteristically colored 
spots of the addition compounds of T1.S with sulfur or 
selenium remain. 

Solutions of sulfur in alkali sulfides—that is, poly- 


2 Experiments with N. Braile. 
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sulfides—react with finely divided Tl.S in the same way 
as do solutions of sulfur in carbon disulfide, pyridine, 
etc. This result cannot be seen in a test tube reaction 
because solutions of thallium salts treated with alkali 
polysulfide produce a precipitate of black T1,S. The 
following experiments therefore give visible evidence 
of the importance of the free active surface of a solid in 
starting a reaction and influencing its rate. 

Procedure: Filter paper is soaked in 0.1 N thallium 
carbonate solution. While still moist, the paper is 
held over a beaker of warm yellow ammonium sulfide. 
Black thallous sulfide is thus precipitated on the paper 
and in its capillaries. The paper is washed quickly 
and dried in a current of heated air. It will keep for 
several days in a tightly closed container, but on longer 
standing, especially in moist air, the sulfide is oxidized 
to sulfate. 

A drop of diluted ammonium polysulfide solution is 
placed on a strip of TlS-paper, dried, and then im- 
mersed in 1 N nitric acid. The paper will turn white 
as the T1,S dissolves, but a brown-red spot will be left. 
The ammonium polysulfide can be replaced by an alkali 
polysulfide; other dilute mineral acids can be substi- 
tuted for the nitric acid. The same experiment made 
withcolorlessammonium sulfide willleave nocolored spot. 

As another experiment, thallium sulfide paper is 
treated with a drop of a one per cent solution of sulfur, 
or of a saturated solution of selenium, in carbon disul- 
fide. As soon as the solvent has evaporated, the red- 


brown addition compound of sulfur will be plainly 


visible, even on the dark brown thallium sulfide paper. 
In the case of*selenium, the color of the addition com- 
pound is so similar to that of the reagent paper that 
the dark brown spot can be seen plainly only after the 
paper has been bathed in dilute acid. 

Very minute quantities of sulfur or selenium suffice 
to demonstrate the addition compounds with thallium 
sulfide on filter paper; the identification limit is three y 
sulfur or one y selenium in one drop (one gamma, y, = 
1 X 10-* g.). Consequently, the procedure described 
here can be used to detect the presence of these ele- 
ments dissolved in carbon disulfide or in other organic 
liquids. 

This new test for sulfur can be used to reveal the 
presence of free sulfur in fungicides, mineral products, 
medicinals, etc. For instance, free sulfur can be detec- 
ted in vulcanized rubber as follows: The sample is 
shaken for several minutes with carbon disulfide in a 
stoppered bottle. A drop of the extract is placed on 
thallium sulfide paper and allowed to evaporate. 
When the paper is put into dilute nitric acid, a brown 
spot will be left. 

When considerable quantities of sulfur are placed 
on the reagent paper, red-brown spots are left, whereas 
brown spots result if only small quantities of sulfur are 
involved. The explanation is that acid-stable poly- 
sulfide is formed on the surface and protects the under- 
lying TlS from the solvent action of the acid. This 
“protective layer effect’’ will be discussed in more detail 
in the next paper of this series. 
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5. Reaction of finely divided manganese dioxide.* 
Manganese dioxide is dissolved easily by concentrated 
hydrochloric acid, particularly when warmed: 


MnO; + 4HCl = MnCl, + 2H20 + Cl, 


The process of solution can be followed easily by noting 
the disappearance of the solid, as well as the liberation 
of chlorine (bluing of starch-iodide paper). Dilute 
hydrochloric acid at room temperature reacts with 
manganese dioxide quite slowly. The same is true of 
dilute solutions of other reducing agents, such as oxalic 
acid, hydrogen peroxide, sulfurous acid, etc. Accord- 
ingly, if precipitated MnO; is shaken in a test tube with 
dilute sulfuric and oxalic acids, consumption of the 
solid by the reaction 


MnO, + H2C20, + H2SO, = MnSO, oe 2COz + 2H,0 


cannot be observed directly but can be established only 
by a quantitative analysis. The conditions are quite 
different, however, if MnO, is highly dispersed in the 
capillaries of the paper. Under such circumstances, 
the reaction is almost immediate when a drop of a dilute 
solution of a reducing agent is placed on the paper. 
A white spot on a light brown or yellow field appears 
where the manganese dioxide is reduced. This paper 
can be used for a spot reaction to reveal the presence of 
various inorganic and organic reducing agents. The 
reactivity of highly dispersed MnO is so great that even 
a drop of dilute sulfuric acid, or even moderately strong 
acetic acid, produces a white spot on paper impreg- 
nated with a very little MnO,. In this way, reactions 
can be observed that are so slight that they are com- 
pletely undetectable when carried out in test tubes. 
Procedure: Manganese dioxide papers of varying 
MnO, content can be prepared by soaking strips of 
quantitative filter paper in potassium permanganate 
solutions of different concentrations from one per cent 
down. A little sodium hydroxide solution must be 
added to the permanganate solution. The permanga- 
nate, according to its concentration and the length of 
exposure, oxidizes the cellulose to a greater or lesser 
degree. Finely divided manganese dioxide is pre- 
cipitated in the capillaries of the paper and cannot be 
washed out. Deep brown to scarcely yellow papers 
can be prepared. If they are washed thoroughly in 
flowing water, and dried, they keep indefinitely. 
Minute quantities (> 0.5 y) of reducing materials 
obviously require the use of weakly impregnated papers, 
and several minutes are needed to give a clearly evi- 
dent reduction. Action on MnO, can be made visible 
on paper so weakly impregnated that it appears almost 
white, if the spotting and drying of the paper is followed 
by immersion in an alcohol solution of benzidine. 
The latter is a sensitive reagent for traces of MnOkz, 
which turns benzidine blue. Accordingly, if weakly 
impregnated MnO, paper is spotted with a drop of the 
solution of a reducing agent that consumes MnObz, 
the whole strip of paper will turn intensely blue with 
3 See FrIGL, “Specific and special reactions,’’ Translated by 
OxsPER, Nordeman Publishing Co., New York, 1940, p. 166. 
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the exception of the spotted area which remains color- 
less. 

6. Reaction of Mercuric Oxide with Hydroxylamine 
ITydrochloride.4 If a water solution of hydroxylamine 
hydrochloride is warmed gently with ari excess of mer- 
curic oxide, black metallic mercury is precipitated: 


2NH.OH- HCl + 2HgO = Hg + HgCl: + N2 + 4H20 


This is the net equation for a reaction that actually 
takes place in two stages: 


2NH.OH-HCl + HgO = HgCl. + H:O + 2NH,OH (1) 
HgO + 2NH,OH = Hg + N:2 + 3H,0 (2) 


The spot reaction described here permits the simple 
separation of these partial reactions, which can be seen 
plainly, in succession, on the surface of filter paper. 

Procedure: Filter paper is impregnated with 0.2 N 
solution of mercuric chloride in alcohol, dried, and 
then dipped momentarily in 1 N sodium hydroxide 
solution. The paper is washed thoroughly and then 
dried in a current of warm air. It must be stored in 
the dark. A drop of a dilute solution of hydroxylamine 
hydrochloride is placed on the yellow paper and the 
capillary picture that develops is observed. Proceed- 
ing from the place of application, a white circle forms 
first (zone of partial reaction (1)), and adjoining this is a 
black ring, due to the deposition of mercury (zone of 
partial reaction (2)). The whole is surrounded by un- 
altered yellow mercuric oxide. To show that mercuric 
chloride is formed in the central circle the paper is 
fumed with hydrogen sulfide, or spotted with dilute 
potassium iodide solution. Black mercuric sulfide or 
red mercuric iodide is produced. 

The experiment may be carried out with hydrazine 
sulfate in place of hydroxylamine hydrochloride. 
Analogous partial reactions occur. 

7. Action of Iodine on Free Sulfur. Acid-soluble 
sulfides are commonly determined titrimetrically by 
adding the samples to an excess of an acidified stand- 
ard solution of iodine. The reaction 


HS + lL = 2HI+S (1) 


occurs and the unconsumed iodine is back-titrated with 
standard sodium thiosulfate solution. This titration 
involves a slight error because the excess iodine may 
oxidize the free sulfur to sulfate: 


S° + 31. + 4H.O = 8H* + 6I- + SO;" (2) 


The extent of this side reaction, (2), which leads to a 
consumption of iodine in excess of that demanded by 
(1), is ordinarily very small if the determination is car- 
ried out judiciously, that is, if the excess iodine is back- 
titrated immediately. Under such circumstances the 
error can be neglected for all practical purposes. Never- 
theless, the proof of the oxidation of sulfur to sulfate by 
means of the following spot reaction has an additional 
interest because it demonstrates, in a simple fashion, 


‘ FEIGL, op. cit., p. 165. 
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an effect that is usually taken for granted only for the 
more active halogens, chlorine and bromine. 

Procedure: One drop of a one per cent solution of 
c.p. sulfur in carbon disulfide is placed on neutral litmus 
paper. The solvent is allowed to evaporate and the 
spot is treated with a drop of 0.5 N iodine in potassium 
iodide solution. For comparison, a drop of pure car- 
bon disulfide is placed on the same strip of indicator 
paper and, after evaporation of the liquid, treated 
with a drop of the iodine solution. The litmus paper 
is then placed in water, which dissolves the iodine off 
the paper. A red spot will be left on the litmus paper 
at the place where free sulfur remained after evapora- 
tion of the carbon disulfide. The sulfur came in con- 
tact there with iodine, producing sulfuric acid. This 
proves that an oxidation of sulfur as shown by (2) 
occurs after even a short exposure to iodine. 

8. Conversion of Metal Sulfides into Iodides.’ Hith- 
erto it has not been known that numerous heavy metal 
sulfides can be converted directly by iodine into the 
corresponding iodides: 


MS +I. = MI.+ S 


The proof of this conversion was made first by means 
of spot reactions. They offer the best possibility of 
demonstrating this new method of forming iodides. 
Filter paper impregnated with the heavy metal sulfide 
is spotted with a solution of iodine in carbon disulfide 
orether. The solvent and the excess iodine are volatil- 
ized, and spots, whose colors depend upon the particu- 
lar iodides, are left on the paper. The conversion oc- 
curs rapidly because the sulfide is highly dispersed in 
the paper and thus exposes an extraordinarily large 
reaction surface to the iodine. 

As might be anticipated from these experiments, the 
conversion into iodide can be accomplished also with 
compact fragments of sulfides, provided an excess of 
iodine is allowed to react long enough. In such cases 
the precipitated or powdered sulfide is shaken with 
solutions of iodine in carbon disulfide or ether. Alter- 
natively, the sulfide is mixed with solid iodine and 
heated in a closed glass vessel on a water bath, thus 
bringing iodine vapor into action. Under these condi- 
tions, amorphous sulfides almost always produce crys- 
talline iodides. 

The following sulfides can be converted into iodides 
by spot reactions on sulfide paper, or by direct conver- 
sion of the precipitated and powdered materials: 
Ages, HgS, PbS, BiSs, CuS, CdS, TIS, SnSo, Sb2S3, 
AsoSs3. 

The conversion of sulfides, finely dispersed in the 
capillaries of paper, is practically finished within one or 
two minutes. Considerable differences in the rate of 
conversion are shown by sulfide ores and by compact 
products that have been precipitated and dried. For 
instance, precipitated HgS and PbS react relatively 
quickly, that is, the beginning of the iodine formation 
can be seen after about three hours. In contrast, Ag2S, 


5 Studies with L. I. Miranda. 
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and particularly CuS, require several days. The ener- 
getic reaction of Tl:S is noteworthy; the precipitated 
and dried sulfide swells and glows when it is shaken 
with crystals of iodine. 

The fact that solid metal sulfides react promptly with 
iodine dissolved in carbon disulfide or ether proves that 
the formation of iodide does not take place through 
reaction of dissolved single molecules of the reactants, 
because metal sulfides are absolutely insoluble in these 
organic liquids. The reactions begin with an attack on 
the molecules of the free surface of the solid sulfide. 
For this reason only sulfides that are finely dispersed in 
the capillaries of paper show uniform rapid reaction. 
With compact specimens, on the other hand, a super- 
ficial coating of the sulfide by iodide occurs first. Con- 
tinuance of the reaction depends upon the production 
of new reactive surfaces by detachment of the iodide. 

The reaction of solid sulfides with dissolved iodine or 
with iodine vapor probably takes place in two stages. 
The iodine molecules add to the sulfide molecules of the 
surface, (1), and the addition compound thus formed 
undergoes an inner molecular change, as shown in (2). 
The summation of (1) and (2) gives the net equation 
for the formation of the iodide: 


MS + I: = MS:I: (1) 
MS-I; =MI+5 (2) 


(1) + (2) 





MS +1: = MI: +S 


This hypothesis of the addition of iodine to sulfide, with 
the activation of the iodine, is supported by the fact 
that even insoluble metal sulfides catalytically ac- 
celerate the reaction between iodine and sodium azide.° 


TOPOCHEMICAL REACTIONS 


Chemical changes in which the reaction products 
remain or are fixed at their place of origin are known as 
topochemical reactions. The following experiments 
illustrate the topochemical synthesis of iodides, as well 
as the effect of the free reactive surface on the reaction 
velocity of solids. They furthermore permit the ob- 
servation, during the formation of thallous and mer- 
curic iodides, of additional interesting details that will 
be pointed out in the discussion of the experiments. 

Procedure: (a) Formation of Thallium Iodide. The 
preparation of thallium sulfide paper has been described 
in Experiment 4. A drop of three per cent solution of 
iodine in carbon disulfide is placed on a strip of the 
reagent paper and the solvent allowed to evaporate. 
The spotted area leaves a dark brown circle surrounded 
by a yellow border of TII. If the paper is allowed to 
stand for some time, the yellow ring spreads. When 
the spot is exposed to a blast of heated air, the dark 
brown inner circle disappears rapidly and a round yel- 
low spot of TII is formed. The same conversion can be 
accomplished also by placing the spotted paper in five 
per cent potassium iodide solution, or in pure carbon 
disulfide. The appearance of the brown central circle 
might lead to the conclusion that it consists of Tl:S or 
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of free iodine. However, in reality it consists of dark 
brown thallic iodide (TIIs), or thallous polyiodide 
(TII-Iz), which on warming or on treatment with a 
suitable solvent gives up iodine and goes over to TII. 
The formation of the brown central fleck can be ex- 
plained as follows: The concentration of iodine is 
highest at the point of application. Consequently, the 
thallium compound richest in iodine forms there as a 
circle. The iodine which migrates toward the periph- 
ery suffices only to produce the compound containing 
less iodine, namely, yellow TII. 

To demonstrate that the formation of thallium iodide 
is a strongly exothermic process, a little powdered iodine 
(tip of knife blade) is placed in a dry test tube. An 
equal bulk of dry thallous sulfide is added and the 
mixture shaken. As soon as some of the iodine volatil- 
izes, the formation of iodide begins, the material glows, 
and the test tube becomes warm. In this case also, 
TI; is the initial product. This can be proved by 
heating, whereupon iodine is evolved and yellow TIl 
remains. The thallous sulfide required for this demon- 
stration is prepared by the action of (NH,)2S on 0.1 NV 
thallous carbonate solution. The precipitate is dried 
by washing with alcohol. 

(b) Formation of Mercuric Iodide (or Lead Iodide). 
Mercuric sulfide paper is prepared like thallous sulfide 
paper but using HgCl. A drop of three per cent 
solution of iodine in carbon disulfide is placed on the 
reagent paper, and after the solvent has evaporated 
the excess iodine is removed by a blast of hot air. A 
yellow-red spot is left on the black paper. It can be 
proved that this consists of Hgl2, and not of the red 
modification of HgS (cinnabar), by treating the spot 
with one or two drops of one per cent potassium iodide 
solution. The Hgl2 dissolves, forming K,Hgl«, and a 
colorless circle then remains on the black paper. 

The following experiment demonstrates the slow 
conversion of compact HgS on treatment with solid 
iodine: Some powdered iodine is placed in a porcelain 
crucible and covered with a thin layer of black HgS 
(obtained by precipitation and drying). The crucible 
is covered with a watch glass and allowed to stand at 
about 30°C. The iodine gradually -volatilizes and re- 
acts with the sulfide. After about 10 hours, the con- 
version is quite evident; the color has become brown. 
Almost all the black amorphous HgS is converted to 
red crystalline HgI, in about two to three days. 

The conversion of lead sulfide into lead iodide can be 
demonstrated by spotting PbS-paper with a drop of the 
iodine solution. A yellow spot of PbI, remains on the 
black paper after the iodine has volatilized. Lead 
iodide is formed also if powdered iodine is placed in a 
crucible and covered with a layer of dried, precipitated 
PbS. (Pulverized galena may also be used.) The 
iodine is volatilized by gentle warming. When no 
more violet fumes appear, the contents of the crucible 
are transferred to a test tube. Water is added and the 
suspension heated to boiling and filtered. On cooling, 
quantities of yellow, crystalline lead iodide separate 
from the filtrate. 
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9. Reaction of Mercuric Sulfide with Alkali Poly- 
iodide. Mercuric sulfide dissolves in potassium poly- 
iodide (solution of iodine in potassium iodide) with lib- 
eration of sulfur. This reaction is the basis of an iodo- 
metric method of determining mercuric sulfide. The 
essential equation is 


HgS + 2KI + I; = K3Hg + S 


It has always been believed that the foregoing reac- 
tion does not occur directly but that potassium mer- 
curic iodide and potassium sulfide are formed in the 
initial stage, (1), followed by the action of iodine with 
the potassium sulfide, (2). The summation of the two 
partial equations gives the net equation 


HgS + 4KI = K,Hgl, + KS (1) 
KS+Il =2KI+S (2) 


(1) + (2) 
The assumption of this reaction sequence is erroneous, 
however. The experiments described in Experiment 8, 


showing the direct action of iodine on sulfides, make it 
probable that the iodine of the polyiodide converts 





HgS + 2KI + I, = KeHgli + S 
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the HgS into Hgl: (3). This in turn reacts with KI 
and forms K,HglI, (4). The correct reaction mecha- 
nism, accordingly, is represented as follows: 


HgS +1, = Hg +S (3) 
Hgl. + 2KI = K2Hgl, (4) 


HgS + 2KI + I; = K2Hgl; + S (3) + (4) 


It is easy to demonstrate this succession of reactions by 
means of spot reactions on mercuric sulfide paper. 
Procedure: Mercuric sulfide paper is prepared as 
described in Experiment 8. A drop of 0.5 per cent solu- 
tion of iodine in carbon disulfide is placed next to a drop 
of 0.2 N iodine solution (in KI) on a strip of HgS paper. 
After about two minutes, the paper is put into water 
and the following will be seen: The area spotted with 
the aqueous iodine solution turns perfectly white in 
accordance with the net reaction equation. The por- 
tion spotted with the carbon disulfide solution of iodine 
turns yellow, showing the formation of mercuric iodide 
as indicated by (3). Only after the paper is placed in 





potassium iodide solution is a white spot produced here 
also in accordance with (4). 








| pene e gelatin strips are of a definite size, es- 
pecially of a definite thickness, they are not 
satisfactory in pointing out swelling or shrinking in 
solution of different pH’s, the effect of varying salt 
concentrations, of temperature, etc. If a strip is too 
thin it will completely dissolve before satisfactory 
observations can be made; while if too thick too much 
time will be required for solution hydration and the 
observation of some phenomena will be obscured. 

In making gelatin sheets it is necessary first to 
prepare a gelatin solution of such a concentration that 
when gelled it will be firm enough to cut into strips 
which can be easily handled, because they must be 
transferred to a netting for drying. There should be 
the least amount of shrinkage and curling while drying, 
the sheets should be of a desired thickness when dry, 
and not too brittle to be cut into smaller strips. 

After considerable experimentation to obtain dry 
sheets of a desired thickness (e. g., 0.5 to 0.6 mm.) 
the following procedure is given. 

Procedure: To 48 g. of powdered gelatin add 
795 cc. of boiling water and dissolve thoroughly. 
Remove froth and bubbles and pour the solution into 
a level flat-bottomed dish 1156 inches in area (9.25 
X 12.5 inches is best) having smooth surfaces such as 
glass, granite, or enamel. When gelled this sheet will 
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be three-eighths of an inch thick. When firm enough 
to handle, cut off and remove the edges and cut the 
sheets into strips 4.5 inches wide. Place the strips 
on large mesh wire netting (one-inch galvanized 
poultry netting is satisfactory) and allow to dry slowly 
at room temperature for several days until the strips 
are dry and loose from the wire; it is not necessary to 
dry in an oven. The strips when dry will be four 
inches wide, 12 inches long and 0.5 to 0.6 mm thick. 
Before cutting into smaller sizes they may be softened 
by steaming slightly. 

Sheets prepared from concentrations above six per 
cent of gelatin solution, while requiring less volume of 
solution for a definite thickness, shrink undesirably, 
curl out of shape while drying, become hard and brittle, 
and are not easily cut into smaller strips. Sheets 
prepared from concentrations below six per cent must 
be made one-eighth to one-fourth inch thicker in order 
to have the same thickness (0.5 to 0.6 mm.) when 
dry. They are not so firm when gelled, break easily 
in cutting and handling, and also require a longer 
time to dry. 

After considering the above points one can, of 
course, modify the preparation so that sheets or strips 
which are suitable for other similar purposes can be 
made. 















The Molecular State of Acetic Acid Vapor 


An Experiment in Gaseous Equilibrium 


R. H. WRIGHT 


University of New Brunswick, Fredericton, New Brunswick, Canada 


HE USUAL textbook examples of gaseous equilib- 

rium suffer from the disadvantage that they can- 
not easily be assigned for study by students in the 
undergraduate laboratory. Thus, PCl; and N2Q,, 
both classical examples involve highly corrosive gases 
which attack both mercury and stopcock grease and 
hence call for apparatus that is both complicated and 
fragile, and in the intricacies of this apparatus beginners 
are likely to lose sight forever of the fundamental chemi- 
cal principles at stake. This paper describes an ex- 
periment on the equilibrium between monomeric and 
dimeric molecules of acetic acid in the vapor state. 
The apparatus is simple to operate so that, in the course 
of a single laboratory period, the equilibrium can be 
investigated fully at each of a number of temperatures 
and so both the reaction isotherm and the reaction iso- 
chore can be verified. ; 


INTRODUCTION 


Gases may deviate from the ideal gas law either as a 
result of the molecular attractive forces and the molecu- 
lar volume effects, or as a result of some chemical 
reaction causing the total number of molecules in the 
system to change. By means of van der Waals’ equa- 
tion and other equations of state, the effects of molecu- 
lar attraction and volume can be estimated with some 
precision and deviations from ideal behavior that can- 
not thus be accounted for can generally be traced to a 
chemical change causing the total number of molecules 
in the system to change. This illustrates one of the 
prime functions of physical chemistry: to use devia- 
tions from normal physical behavior to reveal otherwise 
unsuspected chemical processes. 

The deviations of acetic acid vapor from the ideal 
gas law are of this second type as will be seen from the 
results of the experiment described below, that is, they 
can be attributed to the reversible chemical reaction 


2C».H,02 = (C2H,O2)2 


For purposes of quantitative formulation, this reac- 
tion can be regarded either as a dimerization of single 
molecules or as a dissociation of double molecules. 
The latter course leads to somewhat simpler formulas. 

Suppose we have N mols (120 N grams) of (C2Hi- 
Oz)e contained in a volume V and that a fraction a 
of these are dissociated thus, 


(C2H,O2)» = 2C.H,O2 


then at equilibrium the number of mols of (C2:H¢e- 
Ov)e and of CHO, are, respectively, N(1 — a) and 


2Na, and the total number of mols of gas present is the 
sum of these, or V(1 + a). Assuming that each molec- 
ular species conforms to the ideal gas law, (that is, the 
van der Waals’ effects can be neglected), then we can 
write: 

PV = N( + a@)RT 


PV 
«= SRT 1 (1) 
Hence, in order to evaluate a, it is necessary to meas- 
ure separately: P, the total pressure of the gas; V, 
its volume; 7, its temperature; and N, the number of 
mols of acetic acid, reckoned as (C2H,O2)2, present 
in the volume, V. That is, 


oe weight of gas (2) 


120 
These measurements are described in the next section. 
Applying the Mass Law to the equilibrium, we have 
Kp = at (3) 
1— a? 
where P is the total pressure of the gas. 

If the substitution of corresponding values of P 
and a at a fixed temperature leads to a reasonably 
constant value of K,, then the deviations of acetic 
acid vapor from the ideal behavior will have been satis- 
factorily interpreted in terms of a chemical equilibrium 
between two molecular species existing in the gas. 

It will be seen that the above treatment takes the 
Mass Law as given and uses the data to verify the 
hypothesis of a reversible chemical change in the gas. 
Alternatively, we can take the association-dissociation 
reaction as given and regard the experiment as a test 
of the Mass Law. 

It can be shown thermodynamically that 

dinK, AH 
qT ~ RT? 
or, changing to common logarithms and integrating 
with the assumption that A// is independent of the 
temperature, 


: AH 
log Kp = const. — 2303RT (4) 


By plotting log K, against 1/7’, a straight line should re- 
sult whose slope is equal to — AH/2.303R, and from this 
AH can be calculated for the reaction (C2:H,O2)2 = 
2C2H4Or. 
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APPARATUS AND EXPERIMENTAL METHOD 


Figure 1 shows a photograph of the apparatus, while 
its essential parts are sketched in Figure 2. The ap- 
paratus is divided into two parts by the stopcock, X. 
To the right of this stopcock it consists of a pumping 
systemi and manifold carrying a mercury manometer, 
M, and a McLeod gage, G. Evacuation is effected by 
means of a mercury vapor pump backed by a Hyvac. 
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FIGURE 1 






This part of the apparatus can be used in the deter- 
mination of gas density by the ordinary procedure of 
weighing the detachable bulb, B, when empty and when 
filled with gas at a known temperature and pressure. 
This experiment serves as a useful preliminary to what 
follows by providing a simple introduction to the 
apparatus. 

The part of the apparatus lying to the left of the tap, 
X, is used with the acetic acid. It consists of a eudiom- 
eter tube, /, connected with a leveling cup, LZ, and 
to the rest of the apparatus through the tube, A. 
Sealed to the top of the eudiometer is a short length of 
fine capillary tube, C, taken from a broken thermom- 
eter. Before attaching this capillary, its internal 
volume per degree was found by introducing a thread 
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of mercury into it, observing the length of the thread 
in “degrees,” and then weighing the mercury. 

The eudiometer and its connecting tube, A are 
mounted inside a length of 10-cm. pyrex tubing, 7, 
which serves as a thermostat. It is closed at the bot- 
tom by a cup made from sheet copper, the glass-to- 
metal joint being sealed with electrician’s rubber splic- 
ing tape. The glass tube leading to the leveling cup 
passes out through a rubber stopper and a drain-cock 
is attached at D. The thermostat is stirred by a series 
of paddles soldered to a piece of brass pipe which rests 
in a bearing soldered to the inside of the cup. The 
heating element consists of a long spiral of nichrome 
wire contained in a length of 15-mm. pyrex tubing 
filled with heavy oil, and the temperature is regulated 
by adjusting the current through the heater by means 
of a lamp bank or rheostat. Temperatures are meas- 
ured by a thermometer attached to the side of the 
eudiometer, E. 

The procedure in making a run is as follows. The 
leveling cup, L, is lowered until the eudiometer is open 
to the tube, A, and the whole system is exhausted to a 
pressure of about 10-> mm. Tap X is then closed 
and acetic acid vapor is admitted from the storage 
bulb, R. The leveling cup is then raised until the 
vapor in E is isolated, and the tube, A, is evacuated. 
Tap X is then closed and the pump shut off. The 
thermostat has meanwhile been filled with hot water 
and the current through the heating element adjusted 
so that the temperature remains reasonably constant 
at some point between 50°C. and 95°C. 

The leveling cup, L, is then set at a series of different 
positions and the corresponding volumes and pres- 
sures in E are observed. The pressures are deter- 
mined by means of a meter stick situated outside the 
thermostat and provided with a metal slide so that the 
level of the mercury in E and A can be observed with 
a minimum of error due to parallax. A cathetometer 
would enable much more precise results to be obtained. 

When it is desired to change the temperature of the 
bath, some of the water is drained out through D and 
replaced with hot or cold water as needed. 

In this way, sets of values of P, V, and T can be 
obtained for substitution in equation (1). To deter- 
mine JN, part of the water is drained out of the thermo- 
stat until the greater part of the capillary, C, is no 
longer immersed. A tube is then let down into the 
top of the thermostat until its end is within an inch 
or two of the water surface, and compressed air is 
blown in for 10 or 15 minutes. This serves to cool the 
upper part of the capillary while its lower end and the 
eudiometer are still kept hot by the water remaining 
in the thermostat. On slowly raising the leveling cup, 
L, the acetic acid is made to condense in the cool upper 
part of the capillary where it is confined by the rising 
mercury. The rest of the water is then drained out 
and replaced by water at 25°C. or some other tempera- 
ture for which the density of liquid acetic acid is known, 
and the volume of the condensed vapor is read off in 
terms of the degree marks on the thermometer stem 
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from which the capillary, C, was made. Knowing the 
volume of the capillary per degree and the density of 
the acetic acid, NV can then be calculated from equation 
(2). 

The acetic acid in R was purified by distillation with 
potassium dichromate followed by fractionally freezing 
it a number of times until the melting point of the 
residue was about 15.5°C. This corresponds to less 
than one per cent of water. After introducing the 
liquid into R, it was freed from dissolved air by freez- 
ing it with an ice-salt mixture, pumping off the residual 
gas, allowing the solid to melt, and then repeating the 
freezing and pumping a number of times. 

The following corrections may be applied to the re- 
sults. 

1. In attaching the capillary tube, C, to the eudi- 
ometer, a constant amount was added to the volume. 
This amount was determined at the time the apparatus 
was built by inverting the tube, F, and running a 
known volume of water into it from a burette. In this 
way it was found that the volumes etched on the stem of 
E must be increased by 0.15 ce. 

2. Since the standard atmosphere (which is incor- 
porated into the constant, R, in equation (1)) is defined 
as the pressure of a column of mercury 76 cm. high 
when the mercury is at 0°C., and since, in this experi- 
ment, the mercury is at a considerably higher tem- 
perature, the observed difference in level between E 
and A is not the true pressure of the gas. If the ex- 
pansion of the mercury is given by the formula 

s V; = y (1 + Bt) 


where £6 is the cubical coefficient of expansion of mer- 
cury and ¢ its temperature in °C., then since the den- 
sity varies inversely as the volume and since 8 is small, 


dt = do(1 eae Bt) 
and the corrected pressure is given by 
Proor- = Pote- (1 — 8b) 
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FIGURE 2 
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A somewhat similar correction, but in the opposite 
direction, may be applied to allow for the expansion of 
the meter stick. As a result of its expansion, the in- 
dicated difference of level tends to be too small. If ¢’ 
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FIGURE 3.—SHOWING RELATION OF LoG K, TO RECIPROCAL 
OF TEMPERATURE. RESULTS OF DETERMINATION, OPEN 
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is the temperature of the meter stick and Q’ its linear 
coefficient of expansion, then the correction to be ap- 
plied for the expansion of the stick is given by 


Peor. = Pore. (1 + B’t’) 
Combining the two corrections, we have 
Por. = Por. (1 — Bt) (1 + B’t’) 
and, because 8 and 8’ are small, this simplifies to 
Preor. = Pots. (1 — Bt + B’t’) 


Since 8 is 0.000182 and #’ (the linear expansion 
coefficient of maple wood) is 0.0000064, this correc- 
tion amounts to about two per cent at the highest tem- 
peratures, and it may, if desired, be neglected. How- 
ever, inasmuch as it involves the multiplication of 
each pressure by a factor which is constant at each 
temperature, it is convenient to include it with the 
constant factor, R, in equation (1) and with the con- 
stant, 4, in equation (3). 

3. Owing to the expansion of the glass, the volume 
of the eudiometer changes as a result of its expansion. 
Since, however, the cubical coefficient of glass is only 
about 0.000028, this correction amounts to no more 
than 0.2 per cent at 90°C. and it can generally be ne- 
glected. 


RESULTS 


The results of a single afternoon’s experimenting are 
given in Table 1. The pressures shown are uncor- 
rected for the expansion of the mercury and meter stick, 
but this correction has been included in calculating a 
and K,, as described in the preceding section. The 
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volumes shown were corrected for the change in volume 
of the eudiometer as a result of attaching tube, C, but 
not for its change in volume as a result of thermal ex- 
pansion. The condensed acetic acid occupied 57.0 
divisions in the capillary and the volume of the capil- 
lary is 5.23 X 10-* cc. per division. Taking the den- 
sity of acetic acid at 25°C. as 1.03, the number of 
mols of (C2H4O2)2 was, from equation (2), 


5.23 X 10-5 X 57.0 X 1.03 
120 


10-5 


N= 





2.56 X mols 


TABLE 1 
Pe. 
366 
366 
366 
366 


P, mm. ree. 
27.5 .95 
43.5 22.70 
58.0 .15 
93.0 9.35 
15.35 5.35 366. 
20. 3.95 366 
24 .40 355 
34 15 355. 
48. 90 355 
77 .25 355. 

101 .55 355 

163 . 50 354 
23 60 348 
32 .80 348 
42 15 348. 
61 55 348 
90 15 348 

114 5. 30 348. 
20 60 338. 
26 20 338. 
38 .50 338. 
51 10 338. 
9.90 338 

35 338 

41.55 330. 

65 330. 

22.50 329. 

17.65 330 

13.25 330 

10.85 330.3 


716 
. 667 

581 
.469 
387 
335 
. 606 
.550 
497 
.385 
336 
. 283 
. 580 
.493 
-450 
374 
. 306 
.278 
.450 
.418 
.358 
.318 
. 262 
. 227 
368 
.341 
.316 
-279 
. 248 
.215 
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The mean values of K, at each temperature are given 
in Table 2, and Figure 3 (open circles) shows the result 
of plotting log K, against 1/7. The data can be rep- 
resented by the equation (compare equation (4)) 


a 3275 
log Kp = 10.996 — a 
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from which AH = 15,000 cal. for the reaction 
(C2H4O2)2 = 2C2H,O2 


This value of AH may well be in error by 1000 cal. or 
more. 


TABLE 3 
Kp, mm. 
2.08 
1.37 
0.909 
0.547 


TABLE 2 
Kp, mm. 
112.6 
56.1 
40.6 
21.2 
12.3 


eC. 

93.0 
82.0 
75.1 
65.5 
57.1 


The molecular state of acetic acid vapor has been 
investigated between 25°C. and 40°C. by F. H. Mac- 
Dougall! and his “best values” of K, are given in 
Table 3 and shown in Figure 3 by the black circles. 
According to MacDougall, his results can be repre- 
sented by the formula 


3590 
log Kp = 11.789 — oe 


from which AH = 16,400 cal. with a possible error of 
800 cal. 

The present results are therefore in satisfactory agree- 
ment with MacDougall’s more precise data, particu- 
larly when it is recalled that the acetic acid used here 
had not been completely freed from water. 


CONCLUSION 


An apparatus and experimental procedure are de- 
scribed with which it is possible in a short time to in- 
vestigate the pressure-volume relationships of acetic 
acid vapor at a number of temperatures. The results 
can be regarded either as a verification of the Mass 
Law or of the hypothesis that acetic acid vapor con- 
tains two molecular species, C2H,O2 and (C2H,O2)2, 
in chemical equilibrium. Application of the reaction 
isochore gives a value of the heat of reaction agreeing 
satisfactorily with that given in the literature. The 
experiment should have considerable instructional 
value in the undergraduate laboratory. 


1 J. Am. Chem. Soc., 58, 2585-2591 (1936). 


Deferment of Student Chemists 


AT LAST the amended Bulletin No. 11 has 
appeared from Selective Service headquarters. It 
announces, just as we go to press, that full-time students 
of chemistry and chemical engineering who are certified 
by the college or university as in good academic 
standing, and who will finish their specialized courses 
not later than July 1, 1945, should be considered for 
deferment by their local boards. The language of 
the directive seems to be a little stronger than in 


previous cases; previous directives to local boards 
have usually indicated that candidates “may be con- 
sidered for deferment.” The same Bulletin also 
points out to local boards that on completion of a 
student’s technical course he should be given ad- 
ditional deferment for a sufficient time to find an 
opportunity to make use of his training, either in the 
armed forces or in a necessary industry. This Bulletin 
should be brought to the attention of students. 


“But a nation’s chief resources are those contained in hats.’’—Cleveland Engineering 
Society News 





The Use of Steel Alloys as Unknowns 


in Elementary Qualitative Analysis 


A. F. SCHMELZLE,! John Carroll University, Cleveland, Ohio 


RODUCTION for the war effort has tremendously 

increased the need for technically trained workers. 
To meet this demand colleges have introduced short 
courses which provide instruction in the essential 
technics and basic principles of applied chemistry and 
engineering. In addition, many of the courses regularly 
taught have been modified to include a study of those 
principles which deal directly with the production 
and use of military materials. In view of the ex- 
tremely important role played by steel in the pro- 
duction of the weapons of warfare, the author has 
attempted to introduce students of chemistry to some 
of the properties of steel and the elements contained 
in it by incorporating the study of this alloy in ele- 
mentary qualitative analysis. The detailed and quan- 
titative analysis of steel is usually taught in courses 
in industrial analysis. However, many students of 
chemistry never take such a course, .so, in view of the 
present emergency, the inclusion of the qualitative 
analysis of steel in an elementary analytical chemistry 
course seems particularly desirable. 

The use of steel alloys as qualitative unknowns has 
additional advantages. Unknowns are generally solu- 
tions of ions present within the limits of concentration 
for which the customary scheme of analysis has been 
devised. The occasional use of solid unknowns, 
however, presents to the student the additional prob- 
lems of dissolving the sample and of properly adjusting 
the ionic concentration. He learns that an ion which 
is too highly concentrated may provide as much diffi- 
culty as one that is too dilute. In the case of a steel 
unknown, the student learns a method whereby the 
excessive amount of one of the ions, the ferric ion, may 
be removed so that it will not interfere with the tests 
for the other ions. The use of steel alloys as unknowns 
introduces the student to the chemistry of the less 
common elements, tungsten, molybdenum, titanium, 
and vanadium. The important effects these elements 
have on the properties of steel and their increased use 
in the metal industries makes a knowledge of their 
chemistry very desirable. 

The qualitative analysis of steel is described in 
textbooks and manuals of industrial analytical chem- 
istry.2, The methods are direct and are considerably 
shorter than the usual scheme for cations since, al- 
together, only about twelve different metallic elements 
are commonly present in steels. For students begin- 
ning in analysis, it was considered advisable to adapt 
1 Pre The Creighton University, Omaha, Ne- 


1 Present address: 


braska. 
2 GriFFIN, ‘‘Technical methods of analysis,’’ 2nd ed., McGraw- 


Hill Book Co., New York City, 1927, p. 143. 


the usual analytical procedure to the analysis of steels 
by including in it separations and tests for tungsten, 
molybdenum, titanium, and vanadium. A search 
in the literature revealed that such a scheme had al- 
ready been worked out by Porter.* In this scheme 
tungsten is placed in Group I, molybdenum in Group 
II, and titanium and vanadium in Group III. The 
method was modified for use with semimicro-technic 
by reducing the quantities of the reagents, and it was 
adapted to the analysis of steels by inserting the ex- 
traction of the ferric ion immediately after the analysis 
of the ions of Group I. The general directions of this 
modified procedure are as follows: 

Slowly boil about 0.1 g. of the steel alloy with 10 ml. 
of 6 N hydrochloric acid in an evaporating dish until 
the volume is about 3 ml. Cool and add about 0.1 g. 
of solid potassium chlorate. Boil the mixture until the 
bubbling action ceases. Cool and transfer the solu- 
tion to a 4-ml. test tube with three portions of 10 drops 
of 3 N hydrochloric acid. Centrifuge. A yellow 
precipitate, tungstic acid, indicates the presence of 
tungsten. Decant. The decantate contains the ions 
of Groups II and III. Wash the residue in the test 
tube several times with 3 N hydrochloric acid and then 
dissolve it in five drops of 15 N ammonia solution. 
Acidify with dilute (6 VV) hydrochloric acid and evapo- 
rate toa smaller volume. Add a few drops of stannous 
chloride solution, heat to boiling, and add several 
drops of 12 N hydrochloric acid. A yellow precipitate 
which turns blue on the addition of the acid confirms 
the presence of tungsten. . 

Transfer the above-mentioned decantate to a 
10-ml. test tube and add 2 ml. of ethyl ether, or prefer- 
ably isopropyl ether.‘ Stopper the test tube with a 
tightly fitting cork. Shake the tube vigorously for 
several minutes, and then allow the tube to stand 
until the two layers separate. Carefully remove the 
ether layer with a medicine dropper. Repeat the 
extraction a second time. Discard the ether fractions. 
(Note: Molybdenum is partially extracted by ether, 
but sufficient molybdenum remains in the water 
fraction to enable its detection. If desired, the ether 
layer may be tested for molybdenum as described by 
Lord and Demorest.’ Bivalent vanadium is also 
partially extracted by ether, but here it is oxidized 
to a higher valence state by the oxidizing solvent 
used in the solution of the steel.) 

3 PortER, Ind. Eng. Chem., Anal. Ed., 6, 138, 448 (1934). 

4 Dopson, ForNEY, AND Swit, J. Am. Chem. Soc., 58, 2573-7 
5 AND Demorest, “Metallurgical analysis,’ McGraw-Hill 
Book Co., New York City, 1913, p. 154. 
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Transfer the aqueous fraction to an evaporating 
dish and place it on a water bath to evaporate off the 
remaining ether. Transfer the solution to a 4-ml. 
test tube. Adjust the acidity to 0.3 N by adding 
15 N ammonia solution dropwise and testing the solu- 
tion with methyl violet indicator on a spot plate until 
a blue-green color is obtained. Heat the solution 
in a water bath and saturate it with hydrogen sulfide 
for several minutes, shaking vigorously. Centrifuge, 
decant, and repeat the hydrogen sulfide saturation. 
Centrifuge, decant, and combine the residues. The 
decantate contains the ions of Group III. <A brown 
residue indicates molybdenum. It can be confirmed 
by the test for molybdenum described by Porter or 
by one of the tests described by Treadwell and Hall.° 

Boil the decantate from the molybdenum precipita- 
tion in a water bath to remove the hydrogen sulfide 
gas, add two or three drops of concentrated nitric acid 
and continue boiling a short time. Add 15 N ammonia 


6 TREADWELL AND Hatt, “Analytical chemistry,” 4th ed., 
John Wiley and Sons, New York City, 1916, Vol. I, p. 492. 
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solution until the test solution is basic, then add one 
drop in excess. Centrifuge and decant. The de- 
cantate contains the complex ammono nickel and cobalt 
ions. Analyze it in the usual manner. 

The precipitate consists of the hydroxides of the 
iron and aluminum subgroups. It is dissolved in 
four or five drops of 6 N nitric acid, then subdivided 
into the iron and aluminum divisions by treatment 
with 6 NV sodium hydroxide and a small quantity of 
sodium peroxide. Each of these subgroups is analyzed 
for the ions contained in it by the method of Porter. 

Before the actual analysis of a steel unknown was 
undertaken, each student performed preliminary ex- 
periments providing practice in the separation of 
tungsten from the ions of Group I, molybdenum from 
arsenic, vanadium from chromium, and titanium from 
iron. The unknowns were drillings from an in- 
dustrial steel. The students demonstrated an in- 
creased interest in this analysis, and the correctness 
of the results reported compared favorably with those 


obtained for solution unknowns. 


A List of Elementary Organic Compounds 


E. F. LINHORST, Detroit, Michigan 


T WOULD be a help to students of organic chemis- 

try to have standard lists of compounds that would 

represent the basis of elementary, intermediate, and 
advanced courses in the subject. 

Appended is such a list of 100 compounds suggested 
as the basis of study of a first or elementary course. 
To know the formulas of all of these and a source or 
preparation of the starred ones would indicate an 
elementary knowledge of the subject. The list has 
been selected to represent some important classes of 
compounds and the formulas and preparations il- 
lustrate many rules, facts, and reactions. An at- 
tempt was made to avoid items of isolated interest 
and those rather difficult to understand or remember 
by average students. Anyone familiar with these 
compounds should also know simple homologs and 
analogs that may exist. 


100 ELEMENTARY ORGANIC COMPOUNDS 


*Acetaldehyde *Aniline 
*Acetaldol Azobenzene 
*Acetamide Benzaldehyde 
*Acetic acid *Benzamide 
*Acetic anhydride *Benzene 
*Acetone *Benzene sulfonic acid 
*Acetyl chloride *Benzoic acid 
*Acetylene Benzonitrile 

A primary amine Benzoyl chloride 
A secondary amine *Benzyl alcohol 
A tertiary amine Benzyl chloride 
p-Aminophenol *Biphenyl 


* Source or preparation. 


n-Butane 
iso-Buty] alcohol 
n-Butyl alcohol 
sec-Butyl alcohol 
tert-Butyl alcohol 
*n-Butyric acid 
*Carbon tetrachloride 
Carbonyl chloride 
Catechol 

*Chloral 
*Chlorobenzene 
*Chloroform 
a-Chloropropionic acid 
*Cyanamide 
Cyanic acid 
Cyanogen chloride 
Cyclopropane 
*m-Dinitrobenzene 
Diphenylamine 
Dipheny]l ketone 
*Ethane 

*Ethyl acetate 
Ethyl acetoacetate 
*Ethyl alcohol 
Ethylbenzene 
*Ethylene 
*Ethylene chloride 
Ethylene glycol 
*Ethyl ether 
*Formaldehyde 
*Formic acid 
*Glycerol 

Glycine 

n-Hexane 
*Hydroquinone 
*Iodoform 
Isocyanic acid 
Isopropyl alcohol 


*Methane 
*Methanol 

*Methyl bromide 
Methyl cyanide 
*Methyl ether 
Methy! ethyl ketone 
*Methyl formate 
*Methyl mercaptan 
*Naphthalene 
*Nitrobenzene 
Nitromethane 
Nitrosobenzene 
p-Nitrosophenol 
p-Nitrotoluene 
*Oxalic acid 
n-Pentane 

*Phenol 

Phenyl ethylene 
Phenyl hydrazine 
*Phthalic acid 
Propane 

*Propionic acid 
n-Propyl alcohol 
Pyrogallol 

Quinone 

*Resorcinol 
unsym-Tetrachloroethane 
Tetramethylethylene 
Thiophenol 
*Toluene 
*Trichloroacetic acid 
*2,4,6-Trinitrotoluene 
Triphenyl carbinol 
*Urea 

Vinyl chloride 
m-Xylene 

o-Xylene 

p-Xylene 
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Out of the Editors Bashet 


ENRY SEAMAN and William S. Levine, of Beth- 
lehem, Pennsylvania, send in the accompanying 
drawing of flask and beaker tongs which have some ad- 
vantages over the conventional design. Beakers and 


flasks can be handled conveniently when close together; 
they can be raised vertically without tipping; and the 
operator’s hand is kept some distance above the flask. 
They are made of quarter-inch rod and the dimensions 
can be adjusted to the particular need. For flasks the 
jaws are smaller, of course, to grasp the neck of the flask. 
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@ The following ‘“‘report’’ was sent us by Dr. Earl S. 
McColley, now with the Celanese Corporation. We 
hope it requires no comment. 


THE LABORATORY METHOD VS. THE DEMONSTRATION 
METHOD 


A very interesting research on the teaching of typing 
was recently carried out by Professor Horlio Vargo of 
the University of San Janiko and reported in the 
Journal of the Bradonian Academy of Sciences. For his 
experiments he used two classes in the subject at the 
Tullio Wash High School at Alatino, S. W. The 
students in the control group were paired with the 
members of the experimental group on the basis of I.Q., 
mental age, and achievement coefficient according to 
the parametric method of Barks and Wills.' 

The control group used the typewriter in daily prac- 
tice in the regular manner. For the instruction of the 
experimental group, the teacher demonstrated in de- 
tail the use of the essential apparatus by means of lec- 
tures, charts, diagrams, and moving pictures. Great 
care was taken to select teachers who were sympathetic 
to the investigation. 


1 J. Am. Soc. Ed. & Psy., 17, 142-87 (Feb., 1937). 


A written examination given to both groups at the 
end of six weeks gave clear evidence that the demon- 
stration method is definitely superior to the laboratory 
method in this subject. Not only did the students 
taught in this manner excel in their knowledge of the 
rich cultural background of typing, but also in their 
ability to explain the purposes and procedures of the 
science. 

The following table shows the startling results ob- 
tained: 


Control Demonstration 


Number of students in class 63 
Range of marks 17-91 
Median 73.4 
Omega factor 3.8 


If these data are critically compared with those in 
the table constructed during the summer of 1941 at the 
Oneida Workshop at Veronica Lake, additional signifi- 
cance can be attached. 

The great saving in time, teacher load, and costs of 
supplies and equipment which would result from the 
universal adoption of the demonstration method should 
constitute a definite appeal to harrassed school boards 
and frustrated superintendents. Further study, how- 
ever, is necessary to account for the fact that the 
demonstration group tested abnormally low on the Bell 
Enjoymentometer, had developed none of the special 
skills and experiences associated with typing, had no 
desire to study the subject further in business college, 
and had no interest in typing as a profession. 

In his conclusion, Professor Vargo pointed out that 
the typing speed shown by students taught by the 
demonstration method was five words per minute. 
Although this was slightly less than the thirty words 
per minute of the control group, it was considered rela- 
tively unimportant as compared to the tremendous 
savings in time and money effected. 


@ The report has come from Germany of the develop- 
ment and use of ceramic tools that cut glass, wood, 
stone and concretes, and which are supplanting steel 
tools for some purposes. They are made of a mixture 
of highly refractive aluminum and chromium oxides 
molded into shape and sintered at 1600°C. It is said 
that they do not heat to as high a temperature from 
cutting friction as does steel. 


e@ The safety and accident-prevention drive which is 
now going on has brought out the interesting fact that 
85,000 persons have been killed in the United States 
by accidents since Pearl Harbor. The total military 
casualities reported to date, killed, wounded, and cap- 
tured, are about 65,000. 


@ The pamphlet issued by the Division of Information 
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of the War Production Board, entitled ‘‘War Produc- 
tion in 1942,” contains a lot of interesting information 
about the present sources of metals and the difficulties 
involved in their production. 


@ Those concerned with laboratory supplies will be 
interested in a little bulletin issued by Howe and 
French (99 Broad St., Boston, Massachusetts) entitled 
“An Analysis: Laboratories and Priorities.” 


e A recent number of The Alpha Chi Sigma Hexagon 
carried a splendid article on ““The Rubber Situation,”’ 
by R. F. Dunbrook, from which we reproduce the fol- 
lowing diagram of synthetic rubbers. 
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@ We read in the Dow Diamond that a most recent ad- 
vance in the science of metallurgy which will have a 
direct bearing on the future of magnesium is the helium 
arc welding method, a joint development of Dow and 
Northrop Aircraft, Incorporated. 

Although an entirely new and revolutionary process 
of fusion welding, leading engineers and designers in 
aircraft and other industries are looking to the helium 
arc method as the solution to many of the difficult 
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problems arising in the welding of magnesium alloys, 
such ‘as oxidation and burning during welding opera- 
tions. 

It is a simplified process. The principal feature is 
that the electrical arc is applied to the metal com- 
pletely shielded from the atmosphere by a blanket of 
helium, an inert, non-explosive, non-flammable gas. 
The envelope of gas protecting the welding area pre- 
vents the possibility of oxidation and burning. Results 
—a clean weld, higher joint strength, and long life. 

One of the important factors in helium are welding is 
the ease with which Dowmetal magnesium alloys can 
be welded. Any type of joint commonly used in steel 
arc welding can be achieved. Also successful results 
can be obtained in making different types of welds by 
utilization of this technic. 

Aircraft mainly constructed of magnesium, in which 
helium arc welding is used, will be rivetless, skin- 
smooth, appreciably lighter, and capable of far greater 
speeds. Engineers will have fewer design limitations 
and the ultimate in streamlined perfection can be at- 
tained. 

Helium arc welding will be of inestimable value to 
America’s transportation industries and holds great 
promise for the future of thousands of other manufac- 
turers and users of everyday fabrications which are 
heavy and unwieldy today. 

Revolutionary in scope, but practical, helium arc 
welding should be a great stride forward in metal 
working. By its use, simplicity of design, ease and 
speed of fabrication, and over-all economy can be at- 
tained. 


e@ The question of salvage of useful materials is be- 
coming increasingly important. It involves not only 
iron and steel, among the metals, but copper as well. 
A concerted effort is now being made to collect copper 
scrap. Another item of interest to the chemist is paint, 
of which a tremendous amount is ordinarily wasted in 
the spray process of painting. A nation-wide survey 
of the paint situation, made by the Industrial Salvage 
Branch of the WPB, has shown that approximately 50 
million pounds of paint ingredients could be saved dur- 
ing 1943 through cooperative action by the paint in- 
dustry and its consumers. More than half the valu- 
able materials recoverable would be pigments, which 
contain such metals as lead, chromium, zinc, and iron. 
Other materials recoverable are phthalic anhydride, 
glycerol, phenol, oils, resins, cellulose derivatives, 
chlorinated rubber, and plasticizers. 


e@ Improvements in the methods for magnesium pro- 
duction are evidently the cause of a recent order by the 
Office of Price Administration by which the price of 
magnesium has been lowered two cents a pound. 
Virtually all magnesium now produced in the United 
States is either bought directly by the United States, 
or other governments of the United Nations, or goes into 
products that are bought by the Government. There- 
fore savings in the cost of magnesium are directly re- 
flected in war costs. 
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There are only two private producers of magnesium, 
one of which accounts for only a small fraction of the 
total production. Output of the latter. company is 
bought by Metals Reserve Company without OPA 
price restriction. Other United States magnesium 
producing plants are owned by the Defense Plant Cor- 
poration, which is a Government agency. 


e@ Plastics, wood, and other non-critical materials are 
now used in the manufacture of bugles and similar 
instruments, a new type of piano has a metal content 
less than 10 per cent of its total weight, and drums are 
made with less than one-seventh of their previous metal 
composition. 

The United States is being forced to use up its stocks 
of glycerol, an important war material, even though the 
means to balance production and consumption are 
within reach. 

Glycerol, which comes from fats, is used in making 
cordite. Cordite is an especially strong propellant 
and the British employ it almost exclusively to fire their 
big guns. Cordite, for instance, charged the 105-mm. 
American-built tank destroyers that rocked Rommel 
back out of Egypt. In addition, explosives contain- 
ing “‘nitroglycerine’’ are used in some weapons of the 
United States armed forces. Japanese planes over the 
Pacific and Nazi tanks in North Africa feel the extra 
push of these propellants behind 37-mm. shells from 
American cannon. 

American pack howitzers, trench mortars, 75-mm. 


field guns and airplane cannon also burn glycerol ex- 
plosives. : 

Beyond its use in explosives, glycerol is essential to 
war production in a host of uses—many of them vital 


secrets. Some of the best-known products depending 
on glycerol are gun recoils, hydraulic equipment, pumps, 
ships’ steering gear, compasses, depth charge release 
mechanisms, protective coatings for weapons, and medi- 
cines, including the tannic acid salve that heals cruel 
burns for soldiers and sailors. 

Because of the huge war demands, the United States 
is now consuming and exporting about 20 million 
pounds more glycerol a year than it is producing. 
The excess is coming out of stockpiles. Naturally, 
the extent of the stockpiles cannot be revealed, but 
just as naturally, OWI pointed out, the stockpiles will 
eventually give out unless we begin once more to pro- 
duce as much glycerol as we use. 

The need to produce more glycerol has put the spot- 
light on fats and oils, which already are growing short 
so far as immediate supply is concerned. Our largest 
source of imports, the Far East, is cut off, and we have 
to furnish large amounts to allies overseas. The short- 
ness of immediate supply, however, is deceptive, for: 

More than a billion pounds of fats and greases, it is 
estimated, go down the drains or into the garbage pails 
of American kitchens each year. Since fats are 10 per- 
cent glycerol, this would mean 100 million pounds of 
glycerol a year, or five times what we need to get “out 
of the red.” 


Delivery of uranium and its compounds for use in 
ceramics has been forbidden by the War Production 
Board. 

Increasingly important war uses make it necessary 
to conserve supplies and stop relatively non-essential 
consumption. Uranium is used in ceramics as a color- 
ing agent. 


e@ An article by M. E. Downs on ‘‘Present trends, in 
teaching science in high school,” in Science Studies, con- 
tains this pertinent but disturbing thought: 
“Chemistry and physics are not holding their own in 
the secondary school curriculum. Conditions will re- 
main static until the college and university take cog- 
nizance of the fact that the teaching of boys and girls 
rather than the teaching of facts of science is the pri- 
mary work of the secondary school. There are signs 
that the leaven is working in the colleges; they are not 
so sure of themselves as they were twenty years ago.”’ 


e@ Training Services for War Industry and Agriculture 
have been organized as a division under the War Man- 
power Commission. The following agencies which offer 
training and related services, without cost, to employ- 
ers and employees in war industries are included: 


Training With in Industry Service (TWI1) advises on over- 
all on-the-job training problems and is specifically as- 
signed to promote production training through specific 
training programs for supervisors, instructors, and 
training directors. 

Apprentice-Training Service (ATS) advises on over-all 
training problems and is specifically assigned to promote 
production training through development of complete 
training programs which provide on-the-job training 
coordinated with the training services supplied by other 
agencies. 

Vocational Training for War Production Workers (formerly 
VE-ND). U.S. Office of Education, in cooperation with 
State and local vocational schools, is specifically assigned 
to give training of less than college grade to war-produc- 
tion workers. P 

Vocational Training for Rural War Production Workers 
(RWPT), in cooperation with state boards for vocational 
education and local boards of education is specifically 
assigned to give training of less than college grade, de- 
signed to aid farmers in the production of farm commodi- 
ties and in the repair, operation, and construction of 
farm machinery and equipment; and to train farm 
workers. 

Engineering, Science, and Management War Training 
(ESMWT). -U. S. Office of Education, in cooperation 
with colleges and universities, is specifically assigned to 
offer training of college grade in engineering, chemistry, 
physics, and production supervision to train profes- 
sional and technical workers for war industries. 

National Youth Administration (NYA) is specifically as- 
signed to provide training to unemployed, out-of-school 
youth between the ages of 16 to 25 in skills required in 
war industries. 

The United States Employment Service (USES) is specifically 
assigned to deal with labor supply, make recommenda- 
tions regarding training needs and on the most effec- 
tive use of personnel in terms of the prevailing and 
anticipated , labor requirements. The Employment 
Service will direct industry to the service assigned to 
give the training assistance needed. 
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@ The junior colleges of the country have thus far 
been holding their own in numbers, under wartime con- 
ditions, according to the 1943 Junior College Directory. 
It shows 624 junior colleges in 45 states in January, 
1943, as compared with 627 institutions at the same 
date in 1942. While 30 institutions have closed on 
account of decreased enrolments or because the Gov- 
ernment has commandeered their plants for the dura- 
tion, the loss has been compensated for by 27 junior col- 
leges, newly organized or listed for the first time, with 
enrolments much greater than in the institutions which 
have closed. 

Total junior college enrolments reported are in ex- 
cess of 314,000 students, a growth of more than 17 per 
cent over the previous year. There has been a slight 
decline of 9000 regular students, but a marked in- 
crease of 56,000 in the number of special students. 
In many cases these special students are adults em- 
ployed in war industries or taking special courses to 
prepare them for such employment. 


e@ The Bulletin of the American Society for Testing 
Materials has recently been added to our exchange list. 
We note also the appearance of A.S.T.M. Standards 
and Data on Electrical Heating and Resistance Alloys, 
which contains specifications and tests on electrical 
heating and resistance alloys as well as some technical 
papers on thermostat metal and thermocouple mate- 
rials. This publication may be had for $1.50 from the 
Society, 260 Broad St., Philadelphia, Pennsylvania. 


@ An all-over shortage of from 800 million to one 
billion pounds of fats and vegetable oils for food and 
industrial purposes is unofficially stated by an official 
of the U. S. Department of Agriculture to be in pros- 
pect for the United States during 1943. It is said that 
this deficit, due largely to wartime curtailment of im- 
ports, would amount to from seven to nine per cent of 
present estimated requirements. This prediction is 
based on the latest surveys of 1942 oil and fat produc- 
tion. Action will undoubtedly be taken soon to limit 
the consumption of oil and fat products, including salad 
oils, shortenings, margarine, and many other items of 


The Mystery 


THE FOLLOWING is related in Mechanical Topics 
of the International Nickel Company. 

“Three hundred years have passed since that day 
when a great, storm-beaten East Indiaman swung 
slowly around in the Thames River and headed her bow 
towards the wharf. Home again! A year ago she had 
sailed away from London bound for the Orient. Now 
she was back with a cargo of tea and silk and spices and 
something new—exquisite metal articles such as no 
man in Europe had ever seen. 

“They were made of a metal that shone with the 
soft luster of sterling silver. Yet they were certainly 
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tremendous importance to the food field. Taken 
together with the restrictions on butter and salvage 
necessities on other animal fats, the situation is becom- 
ing one of progressively increasing gravity as reserve 
stocks of coconut and other imported oils are exhausted 
and both processors and public are obliged to rely 
almost exclusively on domestic production. 


@ The United States produced more metals and 
minerals in 1942 than at any time in its history, Secre- 
tary of the Interior Harold L. Ickes stated recently on 
the basis of a year-end report from the Bureau of 
Mines. 

The value of all mineral products produced in the. 
country in 1942 soared to a record figure of more than 
seven and a half billion dollars, exceeding by eight per 
cent the peak year of 1920 when prices were abnormally 
high following the first World War, and topping the 
1941 level by ten per cent, according to the estimates 
submitted to Secretary Ickes. 

Nearly all of the mineral products which go into 
tanks, planes, guns, ships, and other weapons with 
which to fight the Axis were turned out at unprece- 
dented rates in 1942. Output of aluminum and mag- 
nesium—the light metals so greatly in demand for 
making war planes— increased several fold over 1940. 
Iron ore and pig iron—the backbone of the vital steel 
industry—treached new levels and the production of 
ferro-alloys increased about 11 per cent in quantity. 

Copper production also established new marks, while 
chromite, molybdenum, vanadium, tungsten, cad- 
mium, barite, fluorspar, potash, phosphate rock, and 
high-grade clays also achieved record outputs. Do- 
mestic manganese ore production was the largest on 
record since the last war. 

A slight decline in crude petroleum production was 
reported as the result of transportation difficulties 
which necessitated regional restraints on consumption, 
although there was a gain of three per cent in value 
over 1941. Gold and silver production was curtailed 
to conserve manpower and scarce materials. The 
smelter production of zinc from both foreign and 
domestic ores reached an all-time high. 


of Paktong 


not silver, for this was a strong, hard metal. ‘Pak- 
tong’ the Chinese called it, and they jealously guarded 
the secret of how it was made. 

“As reports of the strange metal spread, European 
metal workers tried for generation after generation to 
produce an imitation Paktong. They never knew why 
each different mixture produced only another failure 
until the middle of the eighteenth century when a 
new metal was identified by one Swedish scientist and 
recognized by another as the mysterious alloying metal 
that made Paktong. It was the same metal which 
miners had found in Saxony and cursed as ‘nickel.’”’ 














ULFAMIC acid, HOSO,NHaz, has received consider- 
able attention since it became available in this coun- 
try in 1938. The ammonium salt is being sold to kill 
poison ivy and to flameproof cloth and paper. The 
acid may be used in the laboratory to prepare nitrous 
oxide and as a primary standard. Although it is 
closely related to sulfuric acid, it is a solid with a defi- 
nite melting point. This makes sulfamic acid unique 
among the strong inorganic acids. Sulfamic acid is 
sulfuric acid in which an —-OH group has been replaced 


by —NHp. 
H.N: O 

os 
H Oo 


HO po 
HO” ‘Oo 
Sulfamic acid 


Sulfuric acid 


Commercially the acid is prepared from urea and 
fuming sulfuric acid. Although the equations do not 
tell the whole story, the reactions may be represented as 
follows: 


H,0 


/NHSOH 


NH, ; 
cZo + go, HO oF 
\ a \NHSO;H 


NH: 
Urea disulfonic acid 


PHYSICAL PROPERTIES 


Sulfamic acid is a white, non-hygroscopic solid which 
melts at 305°C. and is stable up to 260°C. It forms 
colorless compact prisms and tablets from cold solu- 
tion and lozenge-shaped plates on cooling a hot aque- 
ous solution. The crystal form as designated by Bry- 
ant? is orthorhombic bipyramidal. 

Large crystals may be grown from saturated solu- 
tions. This may most easily be accomplished by 
allowing a saturated solution to stand in a desic- 
cator over a mild dehydrating agent such as calcium 
chloride. The top edge of the container is coated with 
paraffin to prevent creeping. 

The acid is soluble in water to the extent of 24.2 g. 
per 100 g. of water at 25°C. It is soluble in form- 
amide, slightly soluble in ether, acetone, methanol, 
and concentrated sulfuric acid. In 70 per cent sul- 
furic acid, it is almost completely insoluble. It may 
be purified by recrystallization from water; 125 g. are 
dissolved in 200 g. of water preheated to 70°C. The 
solution is filtered three times with consequent lower- 
ing in temperature, and each time the material crystal- 
lizing from solution (altogether about 25 g.) is discarded. 
The final filtrate is cooled rapidly in an ice-salt mixture 





. | Abstract of an address presented at the 4th Summer Confer- 
ence of the N.E.A.C.T., University of New Hampshire, Dur- 
ham, N. H., August 12, 1942. 
2 Bryant, J. Am. Chem. Soc., 61, 2551 (1939). 
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and allowed to stand for 20 minutes. The crystals are 
removed by suction filtration, washed once with ice 
water, twice with cold alcohol, and finally with ether. 
After drying in air for an hour, they are stored in a 
desiccator. This product is suitable for a standard 
in acidimetry.* 
CHEMICAL PROPERTIES 

1. Strong Acid. Sulfamic acid is about as strong 
an acid as hydrochloric, nitric, or sulfuric. It is a 
strong acid in both aqueous solution and anhydrous 
liquid ammonia. The fact that it contains both labile 
and non-ionizable hydrogens might well be used as a 
teaching device for the Brgnsted concept of an acid. 
In water sulfamic acid loses a single proton from the 
oxygen atom whereas the hydrogens attached to the 
nitrogen are firmly bound and do not break away. 

oO O 
undo H + HO —»> HOt + HS O 
Oo | $ 
In liquid ammonia, on the other hand, two protons 


are easily donated to ammonia molecules, but the third 
hydrogen still remains firmly bound to the nitrogen. 
O O = 
a) t 
H—N—S—Oj]H + 2NH; —> | HN— —O] + 2NH, 
— | , 
H O O 
The evidence for the second stage in the ionization 
in ammonia is that sodium reacts with sulfamic acid in 
liquid ammonia to give the disodium salt, NaNHSO>- 
ONa. Beginning students often get the idea from the 
ordinary mineral acids that the presence of hydrogen 
on the front end of a formula is all that is necessary to 
make an acid. Here is a chance to point out that the 
ease of removal of the proton depends on the kind of 
atom to which it is attached as well as on the solvent 
with which it reacts. 
2. Hydrolysis.. The acid is slowly hydrolyzed in 


aqueous solution to ammonium acid sulfate. 
H:NSO;H + HO —> NH,HSO; 


At 80°C., it is about 40 per cent hydrolyzed in six hours 
in 10 and 30 per cent solutions and about 25 per cent 
hydrolyzed in one per cent solution in the same time. 
In neutral or alkaline solution, sulfamic acid may be 
boiled without appreciable hydrolysis. As noted above, 
when it is recrystallized from water, the temperature 
should not exceed 70°C. 





3 BUTLER, SMITH, AND AupRIETH, Ind. Eng. Chem., Anal. Ed., 
10, 691 (1938). 
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3. Salt Formation. Metals, metallic oxides, and 
carbonates are attacked by sulfamic acid to give the 
corresponding sulfamate. 


2K + 2HOSO.NH; —> 2KOSO.NH: + H:2 
Na:CO; + 2HOSO.NH, —» 2NaOSO.NH, + H:0 + CO: 


All known salts of sulfamic acid are soluble in water 
except the basic mercury salt. The calcium, lead, and 
barium salts are very soluble in water in contrast to the 
corresponding sulfates. Lead sulfamate is soluble to 
the extent of 218 grams per 100 grams of water at 25°C. 
This means that it is much more soluble than lead ni- 
trate or lead acetate. 

4. Reaction with Nitrous Acid. Nitrous acid reacts 
quantitatively with the amino group in sulfamic acid 
to liberate nitrogen. This is used to remove excess 
nitrites rapidly and effectively in diazotizations in the 
dye industry. 

HOSO.NH: + HONO —» H,2SO, + N: + H:O 


5. Preparation of Nitrous Oxide. With nitric acid, 
pure nitrous oxide may be prepared. This makes a 
good lecture demonstration without the danger of 
overheating which is a hazard with ammonium nitrate. 
By dissolving sulfamic acid in water, adding an equiva- 
lent of concentrated nitric acid and then heating the 
solution slowly, a smooth flow of bubbles of nitrous 
oxide may be obtained. 


HOSO,.NH: + HONO, —»> H2SOQ, + N2O + HO 


6. Oxidizing Agents. Sulfamic acid is oxidized to 
sulfuric acid and nitrogen according to the following 
equation: 

2HOSO.NH:; + 3(0) —»> Nz + 2H2SO,; + H,O 


Chlorine, bromine, and potassium chlorate will 
effect this oxidation but chromic acid and potassium 
permanganate will not. 


USES 


1. Weed Killer. Ammonium sulfamate has been 
widely heralded as a killer of poison ivy. It is also ef- 
fective in killing poison oak, choke cherry, hoary cress, 
ragweed, and Canadian thistle. It is much more effec- 
tive than sodium chloride, calcium chloride, ammonium 
thiocyanate, and ammonium sulfate. It is as effective 
as sodium chlorate in all cases and better with some 
weeds. In addition, it is a fire retardant rather than a 
fire hazard. It is non-toxic to animals. For example, 
dogs have been given one gram per day for several days 
without showing systemic poisoning. The best treat- 
ment for poison ivy is a spray containing one pound of 
ammonium sulfamate per gallon of water. The leaves 
are sprayed during the late summer or early fall while 
still green and preferably in humid weather. The plant 
is killed by translocation of the salt from the leaves 
to the roots. Another advantage of ammonium sul- 
famate over some other herbicides is that it does not 
permanently sterilize the soil. In fact after one season, 
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some nitrogen will be available for plant growth from 
the weed killer. 

2. Flameproofing Textiles. Compatibility with cel- 
lulose, as well as its fire-retardant properties, makes 
ammonium sulfamate useful in flameproofing textiles 
and paper. It is especially useful for curtains and 
draperies in such places as theaters. Retention of the 
salt to the extent of 10 per cent of its own weight is 
enough to flameproof fabrics or paper. It may be 
used on any fabric except cellulose acetate and may be 
dry cleaned but not washed. It is easily applied by a 
dipping process similar to starching clothes, using one 
to one and one-half pounds per gallon of water. Then 
the cloth is squeezed through rollers and dried. Fab- 
rics so treated will char but not burn and most of them 
will have no afterglow. The appearance and “‘feel” of 
the cloth are unaltered. 

3. Nitrite Removal. Sulfamic acid, as has been 
mentioned above, reacts quantitatively with a nitrite to 
liberate nitrogen. This reaction has found application 
in the dye industry in diazotizations for the removal of 
excess nitrite from the reaction mixture. It is better 
than urea for this purpose. For example, in one process 
the amount of sulfamic acid used is less than one-sixth 
that of the urea needed and the time is cut from three 
hours to five minutes. 

4. Tanning. In processing skins, the use of sul- 
famic acid in place of sulfuric has been found to give a 
finer and silkier grain. Another advantage which sul- 
famic acid possesses is that its calcium salt is soluble in 
water, so the acid may be used in the deliming process 
without leaving the lime spots which sometimes occur 
with sulfuric acid. Goat skin tanned with form- 
aldehyde is said to give a tighter skin and to make a 
better suede when some sulfamic acid is used in the proc- 
ess. 

5. Refining Metals. Metals like copper, silver, 
cobalt, nickel, zinc, cadmium, iron, and lead may be 
plated out successfully from sulfamic acid solution. 
The current densities and other conditions for best 
plating baths have been worked out fairly well. Solu- 
tions of lead sulfamate may some day be used for re- 
fining lead in place of the Betts process. Sulfamic acid 
is certainly easier to handle than fluosilicic acid and 
ceramic containers may be used with it. 

6. Laboratory Reagent. 

(a) Primary Standard Acid. Because sulfamic acid 
is a strong acid, is easy to purify by recrystallization 
from water, and is a stable, non-hygroscopic solid, it 
has been advocated as a primary standard acid. It is 
as good as potassium hydrogen phthalate, potassium 
acid iodate, succinic acid, and benzoic acid. Of these 
only potassium acid iodate is a strong acid and both it 
and sulfamic acid may be titrated with indicators of pH 
ranging from 4.5 to 9.0. Sulfamic acid, however, is 
cheaper than potassium acid iodate. 

(6) Determination of Nitrite. Sulfamic acid may 
not only be used to determine nitrite but may also be 
used to liberate nitrite nitrogen from water before analy- 
sis of the water for dissolved oxygen. 
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(c) Preparation of Dry Nitrous Oxide. (See above.) 
(d) Separation of Rare Earth Subgroups. The 
lanthanum rare earth group may be separated from the 
yttrium earths by using sulfamic acid. Upon adding 
sodium nitrite to a cold solution of rare earth sulfamates 
in sulfamic acid solution the alkali double sulfates of the 
lanthanum group precipitate first.‘ 






N PART I? the importance of industrial water 
| supplies to our war effort and the need for correcting 
natural chemical characteristics of water supplies were 
discussed and a number of the principal methods de- 
scribed. In the present article attention will be given 
to additional methods of treatment, with examples of 
results obtainable by the different processes. 


RESULTS OBTAINABLE BY VARIOUS TREATMENTS OF ONE 
RAW WATER SUPPLY 


Table 2 contains examples of changes in the com- 
position of a raw water supply which can be produced 
by various methods of treatment described in Part I. 

A knowledge of such results as these is important in 
selecting the method of water conditioning which will 
give the greatest benefit in any particular case. 

With some types of raw water, two or more different 
treating methods or combinations of treatment may 
give almost equally satisfactory water. In such 
situations installation costs, space, and cost of housing 
required, as well as the cost of chemicals needed per 
unit of water, are determining factors in the selection 
of the proper treating system. 

For example, methods 3, 4, 5, and 6 in Table 2 
represent methods which can be used for conditioning 
raw water of the analysis given in column 1 for use 
as feed water make-up to steam generating boilers. 
Methods 3’and 5, however, do not lower appreciably 
the high silica concentration of the water and would 
only be used for relatively low-pressure boiler operation. 
Method 4 includes silica removal by means of dolomitic 
lime, and this water would be suitable for make-up 
water to boilers operating at much higher pressures. 
Both methods 3 and 4 retain high total dissolved solids 
in the water, however, which would require a high 
blowdown rate of about 15 per cent to limit total solids 
in the boiler water to 2000 p.p.m. In addition, the 
residual hardness of this water is great enough so that 
if heat exchangers or economizers are used for increasing 
the temperature of the feed water before it reaches the 
boiler, some further precipitation of the residual calcium 
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TABLE 2 


CHANGES IN ANALYSES OF WATER PRODUCED BY VARIOUS METHODS OF 
TREATMENT 


Results Expressed in Parts per Million 


Types of Treatment (Described 


Below) 1 2 a 4 5 6 7 8 
Carbonate (COs) 10 101 SO SE An as ee zeesoae cee 
Bicarbonate (HCO3;) DGG. Sac ea lcs St 82... 10 
Sulfate (SO) 12 12 116 116 12 12 12 2 
Chloride (Cl) 39 39 39 39 39 39 39 2 
Silica (SiOz) 28 25 25 6 28 6 28 6 
Calcium (Ca) 20 6 6 6 1-2 1-2 1-2 1-2 
Magnesium (Mg) 6 1 1 I <t <3) <5 <3 
Sodium (Na) 100 100 100 100 46 = 28 4 4 
Total Solids 471 284 323 314 179 108 86 27 
Total Soap Hardness (calcu- 
lated as CaCOs) 75 19 19 19 5 5 5 5 
Free Sulfuric Acid (H2SOs:) ita. Wee eee eee “eee Goes 10 
Free Hydrochloric Acid (HCI) ... 0 .02 > cee “ce cee cee 32 


Types of Treatment: 

1. Raw water (from analysis 4, Table 1). 

2. Lime treatment in cold process precipitation type softener for hard- 
ness and bicarbonate reduction. 

3. Lime-gypsum treatment in hot process precipitation softener for hard- 
ness, bicarbonate, and alkalinity reduction. 

4. Dolomitic lime-gypsum treatment in hot process precipitation sof- 
tener for hardness, bicarbonate, alkalinity, and silica reduction. 

5. Carbonaceous zeolite treatment, 37 per cent in sodium cycle and bal- 
ance in hydrogen cycle, followed by aération of mixture for hardness, bi- 
carbonate, and alkalinity reduction. 

6. Dolomitic lime treatment in cold process sludge blanket sedimentation 
type softener for silica and bicarbonate reduction, followed by filtration, 
carbon dioxide introduction for pH control, carbonaceous zeolite treatment 
partly in sodium cycle and balance in hydrogen cycle for hardness removal 
and control of residual alkalinity, followed by aération for carbon dioxide 
removal. 

7. Carbonaceous zeolite treatment in hydrogen cycle for hardness and 
cation removal, followed by aération for carbon dioxide removal. 

8. Dolomitic lime treatment in cold process sludge blanket sedimenta- 
tion type softener for silica and bicarbonate reduction, followed by filtra- 
tion, carbon dioxide introduction, carbonaceous zeolite treatment in hydro- 
gen cycle for cation removal followed by anion exchanger to remove sulfate 
and chloride ions and aération to remove carbon dioxide. 


carbonate may take place and the desired feed water 
temperatures will not be obtained. A calcium car- 
bonate coating on the heat transfer surfaces reduces 
the efficiency and capacity of a system. 

To overcome the deposition sometimes found in 
high temperature feed water heaters and economizers, 
and also to reduce the silica content, the system of 
treatment outlined in method 6 is advantageous. Here 
the residual hardness from the final carbonaceous 
zeolite treatmerit is low enough to prevent the precipi- 
tation of calcium carbonate. Also, the total solids of 
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the treated water are reduced sufficiently so that with 

only seven to eight per cent blowdown from the boilers, 

total solids in the boiler water can be kept below 

1500 p.p.m. 

SAVING CRITICAL MATERIALS IN CONSTRUCTING 
CONDITIONING PLANTS 

Normally, in the construction of industrial water 
treating plants, large quantities of steel and other 
“‘critical’’ materials are used. Today, the steel is 
needed for the construction of guns, shells, tanks, ships, 
and other implements of war. Standard pressure filter 
and zeolite softener tanks for industrial plants have 
been of plate steel construction. Today free use is being 
made of concrete or wood construction with large 
saving of metals. 

Zeolite softeners of the carbonaceous type operating 
in the hydrogen cycle have been made of steel with a 
rubber lining to protect the metal from corrosion. 
Today such softeners of wooden construction require 
no lining, and with concrete construction bitumastic 
linings or acid-resistant paints are used to save rubber. 

Cold process clarifiers and precipitation type softeners 
are also being constructed of concrete, with internal 
separating cones of plywood. 

A disadvantage of concrete construction for external 
water conditioning plants to be used for preparing feed 
water for high-pressure boiler plants is the solubility 
of the concrete in the softened water. Silica, calcium, 
and alumina, all three undesirable in the feed water, 
are dissolved to a small but definite extent in the 
treated water. Fortunately protective linings and 
paints have been‘ developed which give satisfactory 
protection to the concrete. Such linings ultimately 
require replacement but are estimated to give at least 
five years’ service before relining is needed. 

Hot process softeners, because of the temperature 
of the water and steam used for heating the water in 
such units, must be of steel construction. Therefore, 
the present need for steel works against the use of this 
otherwise popular and effective type of softener. 

An example of an effective water conditioning 
system using minimum quantities of “‘critical’’ materials 
is found in a synthetic rubber plant now almost ready 
for operation. This plant is on a river bank and will 
use treated river water for boiler feed water make-up. 
The raw river water varies considerably in concentra- 
tions of dissolved and suspended solids. The suspended 
solids are very high at times, so that a system of 
clarifying the water as well as softening must be 
included. 

A hot process lime-soda softener would provide both 
clarification and softening of the water, and this type 
softener is used in a number of plants with this same 
river water supply. However, this new synthetic rub- 
ber plant will have high-pressure feed water heat ex- 
changers and economizers so that a lower final feed water 
hardness is desired than can be furnished by the 
hot process softener. In other words, final softening 
by zeolite is desirable to supply the best feed water 
conditions. 
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Because of the high suspended solids in the river 
water, clarification is necessary before zeolite softening. 
This will be obtained, with partial softening as well, 
in a cold process sludge blanket type of precipitator, 
using dolomitic lime and soda ash for softening, and 
copperas (ferrous sulfate) for coagulation. Dolomitic 
lime will be used instead of ordinary lime to assist in 
keeping silica at a minimum, although the raw water 
is not a really high silica type. After clarification 
and partial softening the water will be filtered through 
gravity filters using graded anthracite filter material. 

The pH value of the water leaving the clarifier will 
be about 10. This pH is too high to pass directly to 
zeolite softeners as the zeolite material deteriorates 
at high pH. To reduce the pH of the water after 
filtration to about pH 8.0 to 8.5, a small amount of 
sulfuric acid will be added before the water is passed 
to the zeolite softeners. The preliminary partial 
softening and acid feed to the filtered water will take 
care of variations in the composition of the raw water, 
in so far as residual alkalinity is concerned, so that all 
zeolite softening can be done in units operating in the 
sodium cycle. 

A comparison of the raw water analysis and analyses 
of the water obtained by various methods of treatment 
is given in Table 3. 


TABLE 3 
ANALYSES OF RAW RIVER WATER SUPPLY AND CHANGES PRODUCED AT 
VARIOUS STAGES IN EXTERNAL TREATING SYSTEM 


Results Expressed in Parts per 
Million 


~ 


Type of Treatment (described below) 
Carbonate (COs) 

Bicarbonate (HCOs) 

Sulfate (SOx) 

Chloride (C1) 

Silica (SiOz) 

Iron (Fe) 

Calcium (Ca) 

Magnesium (Mg) 

Sodium (Na) 

Total Hardness ( as equivalent CaCOs) 
Suspended Solids 

Total Solids 


—) 


“© 
Coan 


= a3 


oN wo wow 


~ 
=) 


Types of Treatment: 

1. Typical analysis of raw water supply. 

2. Controlled cold process clarification and partial softening in sludge 
blanket type of sedimentation unit using dolomitic lime, soda-ash, and cop- 
peras, followed by filtration. 

3. Water from 2 plus sulfuric acid feed for carbonate reduction and pH 
control, followed by softening in carbonaceous zeolite units operating in 
sodium cycle. 


* Varies considerably, has been found as high as 3000 p.p.m. 


The sulfuric acid feed will convert most of the 
carbonate alkalinity of the water after filtration to 
bicarbonate with a pH value below 8.5. After deaéra- 
tion of this water for oxygen removal the pH value of 
the water will be above pH 8.5, as any free carbon 
dioxide will be removed with the oxygen in the deaéra- 
tor, and some conversion of bicarbonate to carbonate 
also occurs at the operating temperature of 215° to 
225°F. to be maintained in the deaérator. This pH 
will be protective to the steel used in the feed water 
stage heaters and economizer. 

Concrete construction has been used throughout 
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FIGURE 7.—COMPLETE CLARIFYING, SILICA REDUCTION, GRAVITY FLOW FILTRATION, AND ZEOLITE SOFTENING PLANT TO PREPARE 


Raw RIVER WATER FOR FEED WATER MAKE-UP FOR HIGH PRESSURE BOILERS. 


CONCRETE BASINS WITH PROTECTIVE LINING OR 


WoopEN BASINS USED THROUGHOUT FOR THE COLD WATER TREATING SYSTEM, SAVING CONSIDERABLE TONNAGE OF STEEL AND 


OTHER ‘‘CRITICAL”? MATERIALS 


for the clarifiers and partial softeners, filters, zeolite 
softeners, and treated water storage basins. The 
water side of all the concrete construction will be 
coated with a water-resistant paint to prevent con- 
tamination of the treated water from concrete. Com- 
pared with hot process softeners of the same capacity, 
240 tons of steel and other ‘“‘critical’’ metals will be 
saved. With the construction used enough steel is 
saved to build eight 30-ton M-4 Army tanks, a matter 
of considerable importance under present conditions. 

A complete diagrammatic outline of this treating 
system is shown in Figure 7. In the actual installation 
there will be multiple units of the clarifiers, filters, 
and softeners. 


DIRECT OR SUPPLEMENTARY TREATMENT OF BOILER 
WATER 


Frequent outages of boilers for mechanical removal 
of scale, loss in efficiency, and enforced outages due 
to tube failures because of scale were serious plagues 
in steam generating stations during World War I. 
This was true regardless of whether or not external 
water softening plants were used, inasmuch as some 
residual hardness is always present in the treated 
water and external softening frequently simply length- 
ened the intervals between boiler cleaning periods or 
outages due to tube failures. Even when distilled 
water was used for make-up water to the boiler feed 
water system serious scale formation occurred. This 
is due to the fact that it is very difficult to keep con- 
densers absolutely leakproof and under the vacuum 
at which they operate condenser cooling water, which 
is usually untreated and therefore hard water, leaks 
into the condensate. As the condensers grow old, 
five to 15 years, failure of condenser tubes through cor- 
rosion, cracks bécause of mechanical stress, etc., also 
results in cooling water leakage to the condensate. In 
plants operating on the seacoast or on salt water bays, 


this may be particularly severe, as the salt water is 
frequently used for condenser cooling and very small 
amounts of sea water leakage produce feed water of 
high hardness and total solids. 

Figure 8 illustrates calcium sulfate scale formation 
found in a steam generating tube of a central station 
boiler operating with evaporated make-up water and 
turbine condensate returns. This boiler generated 
steam at 450 pounds pressure and the scale formed 
prior to the use of a proper supplementary chemical 
control of the boiler water conditions. While the 
amount of scale in this particular tube may seem 
surprisingly large for an evaporated make-up job, 
yet this is understandable when the facts are con- 
sidered. Feed water of three p.p.m. or more hardness 
due to evaporator carryover or condenser leakage is 
found in many such plants. A boiler generating 
250,000 pounds of steam per hour will supply some 
2,000,000,000 pounds of steam per year, receiving 
slightly more feed water than steam generated, because 
of boiler blowdown and steam losses through soot blow- 
ers, etc. As three p.p.m. calcium carbonate hardness 
means three pounds of calcium carbonate per million 
pounds of water, it will be apparent that a total of 
6000 pounds of scale-forming material enters such a 
boiler within a year’s operation, so that with a large 
portion of this hardness forming scale, considerable 
thickness of deposits can form. 

Fortunately, during the interval between World 
War I and World War II, America has produced 
methods of controlling boiler water conditions to 
prevent boiler outages due to scale formation such as 
illustrated in Figure 8. 

In 1922 a cooperative investigation by the U. S. 
Bureau of Mines and the Hagan Corporation of 
Pittsburgh was started to study the mechanism of 
scale formatioir in steam boilers and if possible to 
develop practicable means for the prevention of 
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boiler scale. R. E. Hall, physical chemist at the 
Pittsburgh station of the U. S. Bureau of Mines, was 
assigned to this investigation and assisted by the 
chemical staff of the Hagan Corporation. The in- 
vestigation was carried out by means of industrial 
boiler plant as well as laboratory experiments, the 
results of which were published in 1927. Briefly, it 
was shown that scale formation was caused not by 
precipitation of the hardness in the boiler water and 
then baking on the boiler evaporative surfaces as had 
been commonly believed, but mainly by crystallization 
of salts on the heating surfaces, whose solubility de- 
creased with increased temperature, such as calcium 
sulfate and calcium silicate. Prevention of scale for- 
mation then depends upon maintaining a chemical 
equilibrium in the boiler water which will allow the 
main elements responsible for scale formation to com- 
bine in the form of salts which show increasing solubility 
with increasing temperatures. The cooperative re- 
search showed that this condition could best be met 
through the maintenance of a proper balance of phos- 
phate in the boiler water. This permits the main 
scale-forming element, calcium, to be precipitated as 
non-scale-forming calcium phosphate sludge in the boiler 
water, and such sludge can largely be removed with the 
blowdown water from the boiler. Thus properly con- 
trolled phosphate treatment for boiler water prevents 
the formation of calcium scales such as the sulfate, 
silicate, and carbonate. 


FIGURE 8.—CALCIUM SULFATE SCALE FORMATION 
In a steam-generating tube removed from a central station 
boiler operated at 450 pounds per square inch pressure, with 
evaporated make-up water and turbine condensate returns. 
Note thickness of internal scale (*/;2”) compared to tube metal 
(7/s2") on side of tube receiving most heat (identified by slag 
layer on outside of tube). 
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Boilers of steel construction naturally require a 
certain degree of alkalinity in the boiler water to 
prevent acid corrosion of the metal. Excessive 
alkalinity must be avoided for while it is not generally 
recognized, yet iron is amphoteric at high temperatures 
and its dissolution rate at high-pressure boiler tem- 
peratures in 0.1 per cent or more caustic soda solution 
is sufficient to produce boiler failures. The amphoteric 
nature of iron at high temperatures is well illustrated 
in the interpretative curve (Figure 9) by Hall and 
Kaufman based on the experimental data obtained by 
Berl and Van Taack, who determined the oxidation 
of pure iron powder by water at 590°F. (1418 pounds 
per square inch pressure) over a wide pH range. 

In some cases, chemical scavenging of oxygen in the 
feed water is also necessary to prevent oxidation of 
the boiler metal from the residual dissolved oxygen 
leaving the open or deaérating feed water heaters. 
This can be readily accomplished by the maintenance 
in the boiler water of sodium sulfite which reacts 
with the oxygen to form the inert and highly soluble salt, 
sodium sulfate as follows: 


2Na.SO3 aa Oz —_> 2Na2SO, 


During the first World War boilers operating in 
excess of 250 pounds per square inch were the ex- 
ception, while today boiler pressures of 1400 pounds 
per square inch are not unusual, and there are several 
installations operating in excess of 2000 pounds per 
square inch. It is significant that the chemists’ efforts 
in studies and experiments of high temperature and 
pressure equilibrium permit today’s boilers, although 
working at higher pressures, temperatures, and greater 
evaporation per square foot of boiler area, to operate 
with much less trouble from water problems than was 
accepted as a necessary evil of boiler operation during 
World War I. 


THRESHOLD TREATMENT 


Reference to any treatise on water conditioning 
published prior to a very few years ago will disclose 
no mention of the glassy or molecularly dehydrated 
phosphates. Yet today, the use of phosphate glass 
(frequently termed sodium hexametaphosphate in 
recent literature) has become so widespread that no 
paper on the general subject of water conditioning 
would be complete without referring to its remarkable 
effects on the properties of water. 

The first real study of glassy sodium metaphosphate 
was made by Thomas Graham.” However, about 
the only use made of Graham’s salt for almost one 
hundred years following its discovery was to identify 
certain metals which produced characteristic colors 
when heated in a bead of the salt. For this test 
microcosmic salt is used as the source of the metaphos- 
phate, the latter being formed on heating by the loss 
of ammonia and water as follows: 


NaNH,HPO; —> NaPO; + NH; + H20 


2 Trans. Roy. Soc. (London), 123, 253-84 (1833). 
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BY WATER OF VARYING DEGREES 
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FIGURE 9.—ALKALINITY CONTROL CURVE OF BOILER WATER 


The use of orthophosphates for boiler water con- 
ditioning spread rapidly following the publication 
in 1927 of the results of the cooperative investigation 
previously mentioned. However, for many steam 
generating plants the usual forms of available phos- 
phate had a number of disadvantages. In a search 
for a phosphate with certain properties not to be had 
with the common orthophosphates, R. E. Hall and 
his associates investigated the properties of numerous 
phosphorus compounds. It was also desired to in- 
vestigate Graham’s salt, but this. chemical was not 
available in commercial quantity, being still in the 
class of a laboratory curiosity (1927). It was necessary 
to find a method of making sufficient material for full- 
scale investigation. This was done, and the properties 
of sodium phosphate glasses, especially those of ap- 
proximately the meta composition, were found highly 
desirable for the proposed purpose. 

The studies of the properties of sodium phosphate 
glasses, which are still being pursued, brought to light 
a number of unexpected and very interesting and use- 
ful phenomena. The glassy sodium metaphosphate 
is almost neutral when dissolved in cold water (pH = 
6.0). If the water solution is heated, it changes 
to the monosodium dihydrogen orthophosphate as 
follows: 


NaPO; + H.0 —> NaH2PO, 


This property of reversion to orthophosphate is 
very useful iri boiler water conditioning for assistance 
in controlling alkalinity without the use of acidic 
compounds. The glassy sodium phosphates were 
also found to have the property of sequestering or 
forming a soluble complex with metals such as calcium, 
magnesium, iron, and aluminum in neutral and alkaline 
solutions when the phosphate is present in excess, 
even in the presence of carbonate. This property 
is useful for the prevention of feed line deposits when 
phosphate for boiler water conditioning is properly 
fed through the feed water lines. The property of 
forming soluble complexes of calcium and magnesium 
has also made glassy sodium phosphate very useful in a 
unique manner as a softener for such purposes as 
household water softening, mechanical dishwashing, 
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laundry work, and various cleaning purposes, without 
the precipitation of insoluble sticky curds formed with 
soaps or other softeners such as carbonates and ortho- 
phosphates. 

An unexpected development from experiments with 
sodium phosphate glass was the discovery of unusual 
surface active properties, when present in only minute 
amounts in solution, in preventing the crystallization 
of calcium carbonate when water containing calcium 
bicarbonate hardness was raised in temperature. Com- 
mercial applications soon followed, using as little as 
one-half to five parts per million of sodium phosphate 
glass (known as “Threshold Treatment’’) in cooling 
water for turbine condensers, oil refinery and steel 
mill cooling processes, air conditioning systems, and 
a multitude of other cooling and heat exchanger opera- 
tions. These recently developed uses are increasing 
efficiency and saving considerable time and metal in 
avoidance of expensive mechanical scale cleaning 
operations, repairs, and tube replacements. 

A most interesting and widespread application of 
this type of treatment, using almost infinitesimally 
small quantities of chemical is found in the use of 
sodium phosphate glass in municipal water supplies. 
Troubles in city mains are frequently encountered 
where lime coagulation and lime softeners are used to 


FiGuRE 10.—SCALE PREVENTION BY THRESHOLD TREATMENT IN 
Domestic CopPpER HoT WATER HEATING COILS 
Upper illustration shows complete plugging with calcium car- 
bonate scale after two months’ operation. Lower illustration 
shows coil free from scale after twelve months’ operation with 
two p.p.m. glassy sodium phosphate added to the municipal 
water supply. 
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reduce the bicarbonate hardness and clarify the water 
supply. After-precipitation of calcium carbonate is 
frequently a problem in such systems, as the reaction 
to form calcium carbonate does not reach full equilib- 
rium by the time the water leaves the sedimentation 
basin and reaches the filters. Further precipitation 
from such unstabilized water may then occur in the 
filters, causing cementation of the filter bed and calcium 
carbonate deposits in the city supply lines, and this 
often becomes sufficiently serious to reduce the capacity 
of the affected systems. Deposits in the water mains 
severely increase the pressure drop through such lines, 
requiring increased power at the pumping station to 
supply the consumer. 

When the municipal or industrial water supply 
is high in bicarbonate hardness, the consumer suffers 
from calcium carbonate deposits in the coils of hot 
water heaters. This scale, acting as an insulator, re- 
quires increased heat to produce the desired hot water. 
In time the heater coil also fails, because of the added 
abuse of the excessive heat needed to heat the water 
through the layer of insulating scale, or the coils may 
plug with an almost solid core of scale preventing the 
flow of water. 

All of these difficulties can be prevented through 
the use of as little as 0.5 to 2.0 p.p.m. sodium phos- 
phate glass.* ‘The photographs in Figure 10 illustrate 
the remarkable effectiveness of threshold treatment 
in preventing scale formation in domestic hot water 
heaters in localities using water of high bicarbonate 
hardness. 

An even more unexpected development noted in 
the properties of sodium phosphate glass was that 
the presence of very small quantities of the chemical 
in solution would prevent corrosion of metal piping 
and tubing, at pH values as low as 5.0 even in the 
presence of dissolved oxygen. This is another surface- 
active phenomenon, due to the formation of a complex 
protective film. 


FIGURE 11.—CORROSION PREVENTION BY THRESHOLD TREAT- 
MENT. TEN Days’ FLow TESTS WITH PITTSBURGH CiTY WATER 

Pipe on left shows tuberculation and corrosion products formed 
without the use of glassy sodium phosphate. Pipe on right 
shows original condition of pipe retained through the feed of 
10 p.p.m. glassy sodium phosphate to the water. 


8’ Widely known commercially under trade name ‘‘Calgon.”’ 
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In soft water districts, or municipalities whose 
treating systems are designed to supply very soft 
water, ‘red water’ at the point of consumption is 
often a serious problem. Soft, undeaérated water 
is extremely corrosive or ‘‘aggressive’’; city mains, hot 
water piping in homes, buildings, and manufacturing 
plants suffer severely from corrosion or pitting with 
such water. The “red water’’ which is a source of 
considerable annoyance to the consumer is due to the 
presence of ferric hydroxide, resulting from the oxida- 
tion of dissolved iron or dislodging of iron corrosion 
products from the mains and piping. Corrosion 
tubercles formed in the water mains also increase the 
resistance to flow of water, resulting in reduced capacity 
or increased pumping power requirement—the same 
effects produced by calcium carbonate deposits. Such 
“red water’ troubles, pipe line corrosion, and tubercu- 
lation are also being successfully prevented by the use 
of threshold treatment requiring only a few parts per 
million (two to ten p.p.m.) of sodium phosphate glass. 
The beneficial effect of this treatment in preventing 
corrosion is illustrated in Figure 11, showing photo- 
graphs of cut sections of pipe operating on corrosive 
water supply, before and after threshold treatment. 
Both pipes were in service for equal periods of time. 

These new and revolutionary chemical treatments 
with glassy sodium phosphate have been aptly termed 
“threshold treatment,’’ because they indicate that 
chemical science is on the threshold of new and useful 
applications whereby, using but very small quantities 
of chemicals, highly beneficial effects will be obtained. 
Such applications have the very desirable advantages 
of low cost, minimum of mechanical equipment, and 
minimum of attention and control. 

Collectively the benefits obtained from the applica- 
tions of glassy sodium phosphate in the industrial and 
municipal fields are comparable with those of the 
“sulfa’’ group of chemicals in medicine and surgery. 
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A Simple Classroom Demonstration of the 
Manufacture of Rayon 
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HE DEMONSTRATION of the production of The same equipment can also be used for viscose solu- 
rayon is rendered considerably more effective if tions, if sulfuric acid is applied for precipitation, but the 
not only the use of Schweitzer’s reagent and the re-_ fibers obtained are weak and much less satisfactory. 
precipitation of cellulose is shown (1), but if thread is 
actually produced. In contrast to the common belief, 
neither complicated machinery which needs several 
hours of preparation nor at least one assistant for the 
performance (2), are necessary. The lecturer may 
manage the whole process easily alone if the equipment 
shown in Figure 1 is used. The essential part of the 
apparatus is a glass tubing six mm. wide, which is 
bent rectangularly and is stretched at one end so as 
to form a nozzle, one-half to one-tenth mm. wide. 
The glass tubing is connected to a small separatory ™ 
funnel by means of a short rubber tubing and a screw 

clamp. Funnel and tubing are filled with the cellu- 

lose solution. The screw clamp is adjusted so that 

five to 15 drops of solution leave the nozzle per minute. 

The nozzle is placed in a photographic tray, 10 to 15 

cm. long and filled with the precipitating bath. The 

thread will be formed quicker and will be much stronger 

if concentrated sodium hydroxide (approximately 30%) 

is used for precipitation. As soon as the first drop of 




































cellulose solution enters the precipitating bath, it is | 
taken by forceps and is carried gently through the ' 
whole length of the bath to a glass tubing (1.5 to 3 cm. =) 

——= @ 





wide) which turns around an axle and can be suitably 
constructed of a broken test tube, two cork stoppers 
and pieces of an “Erector” set. If this primitive bob- 
bin is turned slowly by hand, up to 30 yards of thread 
can easily be produced. Careshouldbetakenthatthe Jf #8 Qf FR, 
parts of the thread do not cross each other on the bob- ; 

bin but are placed side by side. The raw thread still 

contains all the copper. It is decolorized by a short | | 
treatment with five per cent acetic acid. The fiber is Peover 1. 
then washed for 24 hours by placing it on the bobbin in 

a beaker with water and is eventually dried. A fairly LITERATURE CITED 


strong fiber is obtained though, of course, the tensile (1) BrEsLav, Turs Journat, 19, 356 (1942) 
strength of the commercial product cannot be reached. (2) JenKINs, GABUZDA, AND SAUER, ibid., 18, 433-4 (1941). 










































A noted manufacturer of pianos is already making glider wings, and a canning con- 
cern has converted some of its facilities to the manufacture of plane parts from resin- 
bonded plywood. 






Demonstration of Some Properties of Prussian Blue 


MORITZ KOHN,' Havana, Cuba 


THE SIMPLE reactions described in the following 
lines can be carried out as lecture demonstrations or in 
the laboratory. In order to prepare Prussian Blue for 
the following experiments, it is advisable to use a nearly 
neutral solution of FeCl;, and to precipitate it with the 
necessary quantity of a solution of KyFe(CN)s. 

I. Reduction of Prussian Blue to white ferrous ferro- 
cyanide: 

Fe,[Fe(CN)6]3 — Fe2Fe(CN)6 

(a) This reduction can be carried out in the quickest 
and most complete way by treating Prussian Blue with 
a solution of sodium hyposulfite, NazS,O,, and adding a 
few drops of dilute hydrochloric acid. When larger 
quantities of Prussian Blue are reduced, the mixture 
should be heated gently until its color becomes white. 

(b) Itis also possible, and even useful, to demonstrate 
that it is the hyposulfurous acid, H2S,0., which is the 
powerful reducing agent. A solution of acid sodium 
sulfite, NaHSO;, mixed with finely divided zinc and a 
few drops of dilute hydrochloric acid, immediately re- 
duces the Prussian Blue to the white ferrous compound. 

(c) For the same purpose, a solution of neutral so- 
dium sulfite, NaSO;, can be used as well, adding dilute 
hydrochloric acid and zinc dust. After the reduction 
has been completed with a sufficient quantity of the re- 
ducing agent, it is possible to preserve the white pre- 
cipitate, even in an uncovered test tube, the mixture 
remaining white for some time without turning blue. 
But Prussian Blue is formed immediately again by ad- 
dition of bromine water or hydrogen peroxide. 


1 Formerly of the University of Vienna. 


II. Reaction of neutral potassium oxalate on Prussian 
Blue. As Graham found out some eighty years ago, the 
well-known blue colloidal solution of Prussian Blue can 
be prepared by adding a small quantity of neutral 
potassium oxalate, K,C.O,, and shaking the mixture in 
a glass-stoppered bottle. This colloidal solution can 
be kept without changing for a long time, if well pro- 
tected from light. Then if a part of this colloidal solu- 
tion is put into a second glass-stoppered bottle, larger 
quantities of neutral potassium oxalate are added, and 
the whole is shaken again until the color disappears, a 
clear solution results as the following reaction takes 
place: 


Fe,[Fe(CN)e]3 + 6K2C,0, > 3KyFe(CN)— + 2Fe2(C20x)s (1) 


2Fe2(C204)3 + 6K2C20, — 4K3Fe(C204)s (2) 
Fes({Fe(CN)¢]s + 12K2C,0, — 3Fe(CN)sKs + 4K3Fe(C20x)s 





If the reaction is to be carried out with larger quantities 
of Prussian Blue, the bottle should be opened after the 
addition of KeC,0,, and gently heated in a water bath 
to accelerate the reaction. From these experiments, it 
can be concluded that the ‘‘peptization’’ of insoluble 
Prussian Blue to the colloidal solution is an intermediate 
state before the chemical reaction resulting in potassium 
ferrocyanide and potassium ferricoxalate takes place, 
by adding larger quantities of KeC2O,: 


Insoluble Prussian — Peptization with — Disappearance of the 


Blue small quanti- blue color because 
ties of KeC,O, of the reactions (1) 
to the colloi- and (2) 


dal solution 


Federal Government Will Fill Technical and Scientific Aid Positions 


MEN AND women are sought to fill positions as 
technical and scientific aid in the federal government. 
They are needed to do research and testing in the 
following fields: chemistry, geology, geophysics, mathe- 
matics, metallurgy, meterology, physics, and radio. 
The positions pay $1620 to $2600, plus overtime. 

Applicants may qualify through experience or educa- 
tion. For the assistant grade, applications will be ac- 
cepted from persons who have completed one year of 
paid experience or a war training course approved by 
the U. S. Office of Education. One year of college 
study, including one course in the option applied for, is 
also qualifying. Persons now enrolled in war training 
or college courses may apply, subject to completion of 
the course. For the higher grades successively greater 
amounts of education or experience are required. 

The majority of positions are in Washington, D. C., 
but some will be filled in other parts of the United 


States. There are no age limits, and no written test is 
required. Applications and complete information may 
be obtained from first- and second-class post offices, 
from civil service regional offices, and from the Commis- 
sion in Washington, D. C. Applications will be ac- 
cepted at the U. S. Civil Service Commission, Washing- 
ton, D. C., until the needs at the service have been met. 

Trainee positions in technical and scientific work 
will be filled in Washington, D. C., and vicinity. The 
salary is $1440 a year plus overtime, and the only edu- 
cational requirement is that the applicant must have 
completed one high-school credit of physics, chemistry, 
mathematics, biology, or general science. There are no 
options. 

Persons using their highest skills in war work are not 
encouraged to apply. War manpower restrictions on 
federal appointments are given in Form 3989, posted in 
first- and second-class post offices. 
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_ the temperature and composition of a 
system are such that two phases are present at 
equilibrium, both the composition and relative weights 
of the phases can be obtained from the tie lines. For 
example, consider the system of two components, 
B and C, as represented in the figure. A system at 
temperature 7; composed of D per cent B consists at 
equilibrium of two phases; the ‘“‘C’”’ phase containing 
A per cent B and the other, the ‘“‘B’’ phase containing 
A’ per cent B. 
Furthermore, 
Weight of ‘‘B’”’ Phase _ Length AD (1) 
Weight of ‘‘C’” Phase Length DA’ . 





Only one of the more familiar textbooks of physical 
chemistry! gives a proof of this relation and this one 
for the special case where one phase is a pure com- 
ponent. Some books state, “It can be shown... ,” 
some say, “It is easy to show... ,” and others simply 
state the relation as a fact. 

The proof of this proposition is neither so obvious nor 
so difficult that it should be omitted. A proof follows. 

Notice that 





A’ = Percent B in ‘‘B” layer 

A = Per cent B in “C” layer 

D = Per cent B in total mixture 

_ Assume 
w = Total weight of mixture 
y = The weight of “B” layer 
z = The weight of ‘‘C” layer 
Then 


wt. of Cin “B” layer + wt. of Cin “‘C” layer = total weight 


of 
100 — A’ 100 — A 100-D\ 
( 100 )y + ( 100 ): : ( 100 )x (2) 


and similarily 


wt. of B in “B” layer + wt. of B in “‘C” layer = total weight 
of 
A’ A D 


ee ee 3 
100” * 100° ~ 100” @) 





1 MILLarD, ‘‘Physical chemistry for colleges,’’ 5th ed., McGraw- 


Hill Book Co., New York, 1941, p. 382. 


Relative Weights of Phases Present in 
a Heterogeneous System at Equilibrium 


W. M. SPICER and J. S. METCALF 


Georgia School of Technology, Atlanta, Georgia 


Multiplying (2) by 100D and (3) by 100 (100 — D) 
yields 


(100 — A’)Dy + (100 — A)Dz = (100 — D)Dw (4) 


(100 — D)A’y + (100 — D)Az = (100 — D)Dw (5) 
Then, from (4) and (5) 
(100 — A’)Dy + (100 — A)Dz = (100 — D)A’y + (100 — D)Az 


(6) 
on rearranging 


(100 — A)Dz — (100 — D)Az = (100 — D)A’y — (100 — A’)Dy 


(7) 


100Dz — ADz — 100Az + DAz = 100A’y — DA'y — 100Dy + 
A’ 












































Dy (8) 
100(D — A)z = 100(A’ — D)y (9) 
¥ DA 
s" AD aia 
or 
Weight of ‘‘B”’ layer _ Length AD 
Weight of “C” layer Length DA’ 
Ty L ai, 
/ \ 
pi \ 
| ia \ 
% ----- «+f f 4. 
a: ‘ 
L \ 
[ } 
[ ! _\ 
¢ B 


Weight % B 


One of the leading factors in the industrial utilization of brass is its unusually high 


ductility. This quality is determined by the type of crystalline structure. 


The so- 


called alpha brasses, those containing more than about 63% copper, owe their exceptional 





degree. 
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ductility to the ability of the crystals to flow or stretch under load to a remarkable 








HIGH-SCHOOL CHEMISTRY 


Nitrogen and Its Compounds 


CHARLES H. STONE 
144 Wall Street, Orlando, Florida 


ONSIDERED only as an element, nitrogen 

furnishes little material for experimentation by 
the secondary-school teacher of chemistry. It can be 
made to unite with various metals to form nitrides, 
such as aluminum, calcium, and mercury. On the 
demonstration desk it may be made to combine with 
magnesium. A small iron crucible (25 ml.) with a 
tight-fitting cover is filled with magnesium powder. 
Tap the crucible to make the powder settle. Be sure 
the material is as compact as possible and the crucible 
is full. Put on the cover as tightly as possible. Sup- 
port the crucible on small ring stand without asbestos 
gauze under. Surround the crucible with a cylinder of as- 
bestos to diminish the heat radiation. Heat strongly 
for half an hour. When cold, remove the crucible, 
take off the cover, and carefully rake away the white 
magnesium oxide on top until the yellow nitride 
(MgsNe) is seen below. 

Put 5 ml. of water into a test tube clamped vertically 
to a ring stand. Cautiously add a very little of the 
nitride to the water. Continue until the odor is 
marked. 

Mg,N2 + 6H.O —> 3Mg(OH): + 2NH; 


In Germany, during or before World War I, Haber 
showed that nitrogen could be made to combine 
with hydrogen on a commercial scale under suitable 
pressure, temperature, and catalyst to form ammonia. 
From the ammonia, nitric acid can be produced 
synthetically. These chemical reactions enabled Ger- 
many to establish its independence of Chile saltpeter, 
since nitric acid could then be manufactured without 
use of sodium nitrate. 

Commercially, some ammonia is produced in the 
distillates from soft coal, from which it is separated 
by means of sulfuric acid to form ammonium sulfate. 
With other acids ammonia forms the corresponding 
salts. 

In the school laboratory ammonia is generally 
prepared by heating a mixture of slaked lime and 
sal ammoniac, and Johnny is pretty likely to get the 
idea that this is the only way it can be made. But 
ask Mr. Blank to grind in a wet mortar about one 
gram of ammonium sulfate with an equal amount of 
solid sodium hydroxide; and Miss Bank to do the same 
with one gram of ammonium oxalate and one gram of 
barium hydroxide. What odor do you get, sir? And 
you, miss? 

It should be made clear to the pupil that any com- 
bination of an ammonium salt and a base will produce 


ammonia. From six ammonium salts and four bases 
there are twenty-four combinations which will generate 
ammonia. But obviously the question of price is a 
determining factor in choosing what materials will be 
used for any chemical process, with certain exceptions. 
Since ammonium chloride and slaked lime are the 
cheapest pair, these are the ones recommended in the 
texts. 

In this connection it may be said that some of the 
procedures which are common in our school laboratories 
have long since been outdated in industry. No in- 
dustrial plant today prepares oxygen from potassium 
chlorate, hydrogen from zine and acid, or chlorine 
from hydrochloric acid by oxidation. We are still 
using the methods common in the infancy of chemistry 
because it is not feasible to install in our school labora- 
tories the large units, furnaces, and electric reduction 
plants now used. We may make it clear to the student 
that the method he is using is one which circumstances 
make necessary, but that the methods of industry 
are different. 

The properties of ammonia are well shown by the 
experiments in the manual. The ammonia fountain 
may be shown for the interest developed by the color 
changes due to an indicator. 

The ready absorption of ammonia by charcoal is 
shown by this experiment: a cylinder of charcoal is 
cut of such size that it will slip easily up and down 
inside a test tube; a few milliliters of ammonia water are 
boiled in the tube, the liquid poured out, the charcoal 
put up into the tube, and the tube inverted into a 
beaker of mercury. The rise of the mercury may be 
accounted for, in part, by the contraction of the gas 
due to cooling, but it is soon evident that the rise is 
largely due to absorption of the gas by the charcoal. 
This experiment leads to a discussion of the gas mask 
with its activated charcoal and also of the use of 
charcoal tablets for indigestion. The charcoal in the 
tube is now removed and the experimenter can get 
evidence that ammonia is absorbed by noting the odor 
of the charcoal cylinder. 

Our next experiment shows the effect of ammonia 
gas passed over hot copper oxide. Water vapor, 
nitrogen, and copper are the results. 


2NH; + 3CuO —> Nz + 3H20 + 3Cu 


Chemical smoke is illustrated by blowing air through 
concentrated ammonia water and _ concentrated 
hydrochloric acid in succession. The resulting am- 
monium chloride is ejected in a thick white smoke. 
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A consideration of the formula of ammonium chloride 
shows that it is composed, as all ammonium salts are, 
of ammonia combined with an acid—in this case 
hydrochloric acid. NH; and HCl are gases. The 
dissociation of ammonium chloride into these gases 
is now shown. A tube containing a little sal ammoniac 
is open at both ends and hangs slightly inclined from 
the horizontal. Red and blue litmus papers are 
inserted at either end of the tube. When the salt is 
heated, the heavier HCl vapor goes down while the 
lighter NH; rises, with the resulting effects on the 
litmus which are evident. 

Excess ammonium hydroxide reacts with copper 
sulfate solution to produce cuprammonium sulfate, 
Cu(NH3)4SO;. To this solution of the copper salt 
enough ammonium hydroxide is added to produce the 
familiar deep blue color. Alcohol is now added to 
precipitate this substance which can then be filtered 
off. 

Ammonia reacts with all acids to form salts. An 
interesting case which involves both neutralization 
and cooling effect is now shown. Thirty grams of 
powdered oxalic acid are dissolved in 25 ml. water at 
about 80°C. Neutralization is effected by cautious and 
slow addition of ammonium hydroxide in slight excess, 
the temperature being maintained at around 80°C. 
Now let the beaker stand until cold. Presently long 
white needles shoot out in the liquid until the whole 
becomes a mass of white crystals of ammonium oxalate. 
These may be filtered off and dried for preservation. 

Ammonium salts have, generally, a negative heat 
of solution. “Here we have 20 g. of powdered am- 
monium nitrate which are added with stirring to 20 ml. 
of ice water contained in a small beaker standing on a 
small wet board. The beaker is frozen to the board. 
The heat necessary for solution is taken from the water 
which is already at zero; hence the temperature 
falls below zero with consequent freezing of the water 
beneath the beaker. The experiment may be re- 
peated with other ammonium salts. 

The weakness of the union between nitrogen and 
other elements makes many of its compounds highly un- 
stable: High explosives, such as guncotton, picric 
acid, smokeless powder, mercury fulminate, and others 
are nitrogen compounds. The sensitivity of these may 
be illustrated by the reaction of nitrogen triodide to 
the touch of a feather. ‘‘Tickled to death,” isn’t it? 

The amines may be regarded as ammonia in which 
one atom of hydrogen has been replaced by an organic 
radical, as ethyl amine, C,.H;NHe, or phenyl amine, 
CsHsNHe. The last is aniline, which is prepared by 
the reduction of nitrobenzene with nascent hydrogen. 


CsH;NO2 + 6(H) —_ 2H.O “P CsHsNH: 


Aniline is the basis for the production of many dyes. 
Here we have a solution of aniline in hydrochloric 
acid. Sodium nitrite is added, the solution made 
acid (if necessary) with HCl, and the resulting phenyl- 
diazonium chloride added to a solution of beta naphthol 
in sodium hydroxide. 
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The amides are ammonia with a metal in place of 
one of the hydrogen atoms. Sodamide (NaNHbp) 
largely used in organic syntheses, is made by passing 
ammonia over heated sodium. 

Ammonia is produced when animal matter decays. 
Ammonia in the soil is converted into nitrites and 
nitrates through the action of nitrifying bacteria. Con- 
versely, nitric acid may be converted into the am- 
monium salt by the action of nascent hydrogen. Ni- 
trites in drinking water are an indication that some- 
where there is contamination due to animal decay. 
The presence of nitrites in water is easy to detect. 
Among three large graduated cylinders filled with water 
one of them has nitrite in it. Now we add to each a 
little sulfanilic acid solution and acidify with HCl. 
Then we add a solution of alpha naphthylamine 
acetate. The graduate showing the pink color is the 
one containing nitrite. 

Nitrites are largely used in the manufacture of dyes. 
Here we have some sodium naphthionate in cold 
solution. I add some nitrite and then some HCI. 
After stirring well, the liquid is poured into a solution 
of alkaline beta naphthol, commonly called “BN.” 
Fast red dye is the product. We take some of our 
dye in a beaker of water, acidify with acetic acid, 
immerse a small skein of wet-out wool, and bring to a 
boil. The skein is removed, rinsed, squeezed, dried 
and exhibited. 

The brown ring test for nitrates is familiar. The 
ring is FeSO,-2NO. Here is a less familiar test. A 
little of the suspected solution is poured down the 
side of a test tube leaving a streak. Down this streak 
are poured a few drops of a solution of diphenylamine 
in sulfuric acid; the blue streak is the test. This test 
is an effective demonstration when performed on a 
large scale. 

Hydroxylamine (NH:OH) is an intermediate between 
ammonia and nitric acid. It is a strong reducing 
agent and will change silver nitrate to silver or copper 
sulfate to cuprous oxide. : 

Nitrates are familiar enough and their formulas 
show that they all contain available oxygen. A 
demonstration may be interesting. Some sodium 
nitrate in a vertically suspended test tube is heated 
much above its melting point. Then the burner 
is set aside and a splint with spark is dropped into the 
hot material. The vigorous burning shows that an 
abundance of oxygen is present. 

The use of nitric acid in the manufacture of ex- 
plosives is shown in the preparation of such explosives 
as Melinite, TNT, and others. Guncotton which 
may easily be made in any preparatory-school labora- 
tory by even a beginner in chemistry, is an example. 
Ordinary absorbent cotton may be used. It is im- 
mersed in a mixture of one part freshly distilled nitric 
acid and two parts concentrated sulfuric, cooled to 
about 20°C. and kept below 30°C. for 20 minutes. 
The liquid is poured off, the cotton squeezed with a 
stirring rod, and transferred to a beaker where it is 
washed about twenty times with cold water. The 





washing is continued until the washings will not 
change Congo red to blue. The cotton is squeezed, 
dried on blotters, and picked apart; then it is spread 
out on a newspaper to dry overnight. A wisp of the 
cotton on the palm of the hand burns so quickly when 
ignited that the heat of the action is scarcely felt. 
There are hundreds of nitrogen compounds in or- 
ganic chemistry. The various sulfa compounds, which 
have created such sensation in the medical world, may 
be mentioned. And here is ammonium sulfamate 
which fireproofs textiles, as this experiment shows. 
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Two pieces of cotton cloth, one treated and the other 
not, are tested with a lighted match. One burns 
and the other doesn’t. 

And finally we have the magic picture. Miss Bink, 
whose artistic talents are at last to be appreciated, 
will apply the test and you see the results. She dips 
a toothpick into a solution of mercurous nitrate and 
draws on white paper. When the paper is dried in an 
ammonia-free atmosphere no marking is visible. 
The design is made visible by washing with a swab 
dipped in ammonia water. 


LETTERS 


The Prerequisites for College Chemistry 
To the Editor: 

Recently, a questionnaire about chemistry instruc- 
tion was sent to the chemistry departments of the 
colleges. In the questions about general inorganic 
chemistry the blank distinguished between courses 
without prerequisite and courses for which high-school 
chemistry is a prerequisite. This distinction seems a 
bit strange as the Committee on the Professional 
Training of Chemists! considers high-school algebra 
and high-school geometry as prerequisites for fresh- 
man chemistry, and also as an examination of 82 cata- 
logs of universities and liberal arts colleges has shown 
that high-school chemistry is required as preparation for 
freshman chemistry in 16 of these institutions only 
(Table 1). Most of these departments offer also a sec- 
ond course in general inorganic chemistry without this 
prerequisite. It is obvious that the majority of the 
college teachers do not consider high-school chemistry 
as an indispensable prerequisite. It remains an open 
question if it is a desirable prerequisite. 


—— 


#.S. 
H.S. Chemis- 
Physics try 


——_——————-- REQUIRING: 
No -——Mathematics—~ 
Prereq- 1 11/,-2 >2 


NuMBER OF SCHOOLS uisite Unit Units Units 


Accredited by 
a... 3. 32 9 2 y 11 
Not accredited by 
A. CG. 2d 50 


18 ‘ 5 

Chemistry is taught in the high school with the in- 
tention of imparting general information about the 
subject and its application in daily life to the layman. 
The course will, therefore, be of much more value to 
the student who does not continue in chemistry than 
to the future chemist. As the college teacher will 
always be able to bring the fundamental principles and 
facts of chemistry to the student without any previous 
notions of chemistry so that no time is lost, high-school 
chemistry seems to be of no particular value as a pre- 
requisite. 

But there can be no doubt about the necessity of an 
education in physics and mathematics for the chemistry 


1 Ind. Eng. Chem,. News Ed., 17, 271 (1939). 


freshman, as the chemistry teacher in the college has no 
time to include the elements of mathematics and physics 
in his first year’s course of chemistry. The Commit- 
tee’s recommendation to require high-school algebra 
and high-school geometry for freshman chemistry was 
also widely accepted by the non-accredited depart- 
ments. Nevertheless, we are yet far from a generally 
followed educational policy; the amount of required 
mathematics ranges from one high-school unit to one 
year of college algebra. All the introductory college 
texts on chemistry require at least a knowledge of ex- 
ponents and equations, and recommend the use of 
logarithms. Most high-school programs cover this 
field in two years, but the high-school graduate fre- 
quently fails in much simpler subjects.2, Whether two 
or more units of high-school mathematics will give the 
student an adequate preparation, depends on the high 
school under consideration and remains to be discussed. 

Some universities have preferred to give an entrance 
test in mathematics so as to avoid the indication of 
units required. The student failing in this test is sent 
to the department of mathematics where he will lower 
the standard of college algebra, or will face the incon- 
venience of non-credit introductory courses. It seems 
better for the college and fairer to the student if the 
minimum requirement in mathematics (probably two 
units of algebra and one unit of geometry) is clearly 
stated. 

For the same reasons, high-school physics is also an 
indispensable prerequisite. The chemistry major will 
certainly study college physics in his freshman or 
sophomore year, but this will be too late to prepare him 
adequately for general inorganic chemistry, where me- 
chanics, optics, electricity, and heat will be mentioned 
and used in the very first lectures. As physics so far is 
required only by a few departments, the problem of the 
prerequisites for freshman chemistry needs more con- 


sideration. 
F. FROMM 
POLYTECHNIC INSTITUTE OF PUERTO RICO 
San GERMAN, PUERTO RICO 


? FromM, J. CHEM. Epuc., 19, 344 (1942); Mou.ton, Scientific 

Monthly, 487-8 (1942); BaBor AND Kremer, ‘‘How to solve 
problems in general inorganic chemistry,’”’ Crowell Publishing 
Co., New York, 1942 (Preface). 
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Our Rubber Problem 
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N August 6, 1942, the President appointed a com- 

mittee composed of Bernard M. Baruch, Chair- 
man, James B. Conant, and Karl T. Compton for the 
purpose of surveying the rubber situation, which had 
become serious and confused. 

On September 10th, this committee submitted its 
report to the President, and in the letter of transmittal 
it did not mince words. The following quotations 
present the situation better than anything published so 
far: 

“We find the existing situation to be so dangerous 
that unless corrective measures are taken immediately 
this country will face both a military and a civilian 
collapse. ... 


“Tn rubber the United States must be listed as a 
have not nation.” 


The committee then recommended, among other 
things, nationwide speed limitations, periodic tire in- 
spections, and nationwide gasoline rationing so that the 
average mileage would not exceed a maximum of 5000 
miles per year. 

All these recommendations have been speedily put 
into effect by Mr. William Jeffers, who was appointed 
Rubber Director shortly thereafter. 

Although the report of the Rubber Survey Committee 
was hailed throughout the nation—with a few excep- 
tions, of course—as the first clear and straightforward 
discussion of the situation, there are still far too many 
people who have been unable to understand the reasons 
for such seemingly drastic measures. 

The purpose of the following discussion therefore is to 
offer the background necessary for such understanding 
and to contemplate how the future might benefit from 
our present difficulties, and where the American chem- 
ist will find a new and fascinating field of research. 

According to the Rubber Survey Committee, this 
country had on July 1, 1942, a stockpile of 578,000 long 
tons of crude rubber. The committee estimated that 


a Condensation of an address presented at the 218th meeting 
of the N.E.A.C.T., Simmons College, Boston, Massachusetts, 
December, 5, 1942. 


further imports up to January 1, 1944, might boost this 
figure by 53,000 tons so that a total of 631,000 would be 
available for the one and one-half-year period. Against 
this figure and for the same period of time, military 
and other essential demands were estimated to be 
842,000 tons. Thus a deficit of 211,000 tons results 
which must be met if a complete collapse is to be 
avoided. 

There has been severe criticism of the estimated 
imports; it is felt that the figure is too low. However, 
it would be folly to base a program of such crucial 
importance on wild guesses and anything beyond the 
figure mentioned is just that. Brazil, the country we 
would have to rely on largely, never produced over 
42,000 tons even in boom years. At that time the most 
accessible hevea trees were bled to death, and with the 
advent of the Far Eastern rubber plantations Brazilian 
rubber production declined and the jungles were per- 
mitted to grow densely around the widely spaced groves 
of heveas. So the procurement of Brazilian rubber 
today is not so much a question of the actual number of 
heveas in the jungle, but largely a problem of how to 
getat them. This involves a herculean task of organiza- 
tion including a supply of labor, equipment, medical 
care, shipping, etc. But even if all these could be 
mastered, and all the obstacles overcome, anyone with 
experience in enterprises of such a magnitude must 
realize that obtaining appreciable quantities is a matter 
of time, even if the price offered were a sufficient incen- 
tive for the laborer to undergo the many risks involved. 
This, however, so far is not the case. There is no doubt 
but that we will get rubber from Brazil and that we 
might eventually reach that country’s peak export 
figures, but this would take time. 

The only large producer of crude hevea rubber still 
in the hands of the United Nations is the island of 
Ceylon. The developments on the war fronts during 
the last months have definitely improved the outlook. 
However, we must still realize the gravity of the ship- 
ping problem and the fact that Ceylon, even with most 
drastic tapping, could not produce much over 90,000 
tons per year. The lack of labor on the island seems to 
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indicate that it is highly problematical if anything close 
to such figures could be realized this year. But what- 
ever may happen, we have no right to indulge in wishful 
thinking, and therefore should not bank on any source 
which is separated from us by so many miles of ocean. 

What other possibilities are at our disposal? 

(a) Natural rubber, other than hevea, grown within 
our own borders, or at least within the territory of the 
Western hemisphere. 

(b) Home-made (synthetic) rubber-like products. 

(c) Reclaimed rubber. 

The development of plantation rubber in the Far 
East during the last thirty years not only brought the 
collection of rubber from the equatorial zones of our 
hemisphere practically to a standstill, but seriously 
hampered large-scale cultivation of rubber-bearing 
plants suitable for our climatic conditions. Only the 
guayule shrub native to northern Mexico was studied 
extensively as a private enterprise by the Continental 
Rubber Company. When it became evident about a 
year ago that our crude rubber supplies from the Far 
East were not so secure as had been assumed, the interest 
in guayule was suddenly intensified. However, valu- 
able time was lost until a bill authorizing expanded 
cultivation of guayule was passed. Thanks to the 
excellent work of the U. S. Forest Service, now in charge 
of the guayule project, it was possible not only to har- 
vest a far greater amount of seed than had been ex- 
pected, but also to reduce drastically the time between 
sowing and harvesting. 

As a result of this development, the bill which origi- 
nally called for the planting of a maximum of 75,000 
acres has been changed to 500,000. But even with this 
development it will be at least two years from now be- 
fore any substantial quantities will be available. Ac- 
cording to present estimates we should produce about 
33,000 tons in the fall of 1944; 47,000 tons in 1945; and 
about 80,000 tons in years thereafter. Therefore one 
must realize that guayule also will come in too late to 
meet the crisis in 1943. 

However, it would be a serious mistake to slacken our 
interest in this rubber source as it might very well serve 
as a price stabilizer for imported rubber after the war. 
Extensive work on the properties of guayule rubber has 
demonstrated that it compares favorably with hevea if 
properly extracted and compounded. Further im- 
provements in extraction of the high percentage of resin 
contained in crude guayule and further improvements 
in compounding formulations can be expected so that 
no difficulties are anticipated when guayule will be avail- 
able in larger quantities. 

Another plant which, like guayule, must be uprooted 
during harvest is the Russian dandelion, Kok-sagiz. 
So far we have not sufficient data in regard to its poten- 
tialities, on which to base too optimistic hopes as a rub- 
ber producer in this country. At present it seems 
doubtful if this plant can ever become a significant fac- 
tor in our rubber supply. 

In contrast to the two plants discussed above, 
Cryptostegia grandiflora is a fast-growing vine which can 
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be cultivated in the Caribbean countries and some of 
our southern states. It yields a rubber of high quality 
which can be obtained without affecting the growth of 
the plant. Cryptostegia, however, has a low percentage 
of rubber based on the dry weight of the plant. Before 
this source of rubber can become a real factor, adequate 
methods of extraction will first have to be developed. 

Thus it can be seen that none of the natural rubber 
resources will be able to ease the serious condition in 
1943. Our only hope to bridge the gap lies with the 
development of synthetic rubber. 

While Germany and Russia worked for many years 
toward large-scale production of synthetic rubber, such 
development was, with a few exceptions, practically 
non-existent in this country. The too frequently found 
“it can’t happen here’ point of view hampered any 
development on a scale of real significance. Thus when 
the Japanese struck their treacherous blow at Pearl 
Harbor we were still utterly unprepared for large-scale 
production of synthetic rubber. All the plans and 
ideas for the development of a synthetic rubber indus- 
try, then in the hands of some of our large industrial 
concerns, were based on peacetime conditions. The 
situation had changed overnight. Materials needed for 
the construction of the plants to produce the feed- 
stocks, and for polymerization and special equipment, 
became suddenly difficult to obtain; other urgent needs 
of our armed forces had to be taken into consideration, 
also, and what seemed an easy job in peacetime became 
a problem with ever-increasing difficulties. 

Other factors such as the endless arguments from 
what raw material source butadiene, the basis for the 
manufacture of Buna S (copolymer of butadiene and 
styrene) should be obtained, did not assist in getting 
production under way. Over and over again changes 
in the program had to be made to comply with other 
demands of a nation engaged in a global war. Many 
people still have not realized that the problem which 
had to be solved was not the question of how butadiene 
could be produced, but which of the known methods 
fitted best into the conditions in the United States and 
which would guarantee substantial production in the 
shortest time possible. 

We knew that butadiene was produced in Germany 
from acetylene via acetaldehyde, aldol, and 1,3-butylene 
glycol. We knew as well that Russia produces her syn- 
thetic rubber to a large extent from ethyl alcohol ob- 
tained by fermentation of agricultural products, and 
we knew that we could obtain it from petroleum or 
natural gas. This country decided to produce its 
butadiene from both petroleum and natural gas as well 
as from farm alcohol, and it is this program which is now 
being carried out. 

The distribution between petroleum and farm alcohol 
as raw material, although not satisfactory to all the 
interests involved, has been made after very careful 
consideration of all conceivable factors. It is ques- 
tionable, however, if the program as outlined by the 
Rubber Survey. Committee can be carried out on sched- 
ule, since other urgent war necessities may not be 
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overlooked. There is no doubt but that the military 
requirements will be met, but it seems that the civilian 
cannot count on substantial amounts of synthetic rub- 
ber for his needs for quite some time to come. This 
being the case, the conservation of tires takes on added 
significance. 

Reclaimed rubber still remains the first line of de- 
fense as far as the civilian goes. In discussing re- 
claimed rubber we must realize that it is not comparable 
with virgin rubber in its physical properties and that 
therefore it is not possible to make an all reclaim tire, 
or a retread for a worn out tire, which will give the same 
performance as a new tire. However, here again the 
nationwide speed limits, if really observed, should do a 
great deal to prolong the use of a tire made entirely of 
reclaim, or retreaded with it. To obey these emer- 
gency rulings is, therefore, not only the duty of every 
patriotic citizen, but directly in his own interest. 

With the introduction of such entirely new products 
as the various types of synthetic rubber now becoming 
available, the work of the rubber chemist is not com- 
pleted. None of these synthetic rubbers corresponds 
chemically to the natural product and it is therefore not 
astonishing that many of their properties differ from 
those of natural rubber, on which we have based and 
developed the processing technic of the rubber industry. 
We find, for example, that they all exhibit greater heat 
build-up when in use and much less tackiness than 
natural rubber in unvulcanized condition. The latter 
property is a serious drawback in the manufacture of 
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most rubber articles, particularly tires; the former is a 
serious disadvantage in satisfactory tire performance. 
These two problems are at present the most urgent ones 
for the rubber chemist to study. 

Another field which is of vital importance at present is 
the development of ingredients which can be incor- 
porated into synthetic rubber to extend its amount 
without detracting from the properties essential for good 
processing and performance. 

The increasing amount of synthetic rubber to be ex- 
pected also brings up the problem of its reclamation 
after it has once served its useful purpose. However, 
since we will have to deal with articles frequently com- 
posed of various types of synthetic rubber as well as 
natural, only such processes will be of real interest 
which will work with any of the possible combinations. 

Finally, one must realize that the chemistry of un- 
saturated organic compounds capable of polymerization 
in chain form has obtained a tremendous impetus as a 
result of our interest in rubber-like materials. We have 
already definite indications that more and more com- 
pounds exhibiting such properties will be produced in 
the future. Even if most of them may not be suitable 
as substitutes for rubber for every purpose, there can be 
no doubt but that some of them will come to stay. It 
also seems quite probable that the knowledge we are 
now gaining in our strive for synthetic rubber-like 
materials will produce new and useful products when 
combined with the accomplishments of the world’s 
greatest chemist—nature. 


OFFICIAL BUSINESS 


219 Meeting—February 6, 1943 
Moses Brown School 
Providence, Rhode Island 


FOLLOWING a word of welcome by L. Ralston 
Thomas, Headmaster of Moses Brown School, the 
following addresses were presented: Miss M. Grace 
Frost, Mount Pleasant High School, Providence, ‘“‘Pos- 
sibilities for a Fusion Course in Chemistry and Physics 
in the Average High School’; Philip H. Mitchell, Pro- 
fessor of Biology, Brown University, “Food in War- 
time’; George B. Enos, Jr., Chemist, Robbins Com- 
pany, Attleboro, Massachusetts, ‘Practical Plastic 
Molding and Procedure’; and Rev. F. C. Hickey, O.P., 
Professor of Chemistry, Providence College, ‘“The 
Laboratory Preparation of War Gases.” 

Prior to the luncheon in the school dining hall, a 
brief business meeting was held at which the following 
actions were taken: 

As a result of the discussion regarding the required inclusion 


of preinduction courses in high-school curricula and the threat- 
ened exclusion of chemistry courses, it was moved and passed 
that: 

The Chair appoint a committee to investigate the numerical status 
of elementary chemistry courses in New England and if thought ad- 
visable, draw up a resolution for presentation to this body. 


President Theodore C. Sargent appointed as members of this 
committee, Miss M. Grace Frost, Mount Pleasant High School, 
Providence, Chairman; Elizabeth S. Hollister, Williams Memorial 
Institute, New London, Connecticut; Elbert C. Weaver, Bulke- 
ley High School, Hartford, Connecticut; and Ralph E. Keirstead, 
Rogers High School, Newport, Rhode Island. 


President Sargent reported that the Fifth Summer Conference 
could not be held at Massachusetts State College due to the antici- 
pated presence of basic training groups on that campus during 
the summer. This information prompted the following action. 
It was moved and passed that: 


The Summer Conference Committee proceed definitely with the 
idea of holding the Conference and to attempt to find another in- 
stitution which has facilities for the housing of the group. 


The Secretary announced for the Membership Committee the 
election of the following to active membership: Francisco de la 
Carrera, Universidad de la Habana (Havana, Cuba); Joseph O. 
Carroll, B.M.C., Durfee High School, Fall River, Massachusetts; 
Rev. Gerard M. Landrey, S.J., Fairfield College Prep. School, 
Fairfield, Connecticut; Rev. Frederick C. Hickey, O.P., Providence 
College, Providence; J. Joseph Hanley, Providence College, 
Providence; and Professor Lucy W. Pickett, Mount Holyoke 
College, South Hadley, Massachusetts. 





RECENT BOOKS 


A TREATISE ON PHYSICAL CHEMISTRY. VOLUME I. ATOMIS- 
TICS AND THERMODYNAMICS. Edited by Hugh S. Taylor, David 
B. Jones Professor of Chemistry, Princeton University, and 
Samuel Glasstone, Professor of Chemistry, the University of 
Oklahoma. Third Edition. D. Van Nostrand Company, 
Inc., New York, 1942. vii + 679 pp. 151 figs. 15 X 238 
em. $7.50. 

Since it was published in 1924, Taylor’s treatise has been the 
standard reference in English in physical chemistry. The inter- 
vening period has been one of tremendous activity and advance in 
the field, a fact which has made it necessary but difficult for re- 
vised and amplified works to be written. Hence it was with al- 
most a sense of relief that physical chemists received the publica- 
tion of Volume I of the third edition of ‘‘A treatise on physical 
chemistry.”” This and the remaining four volumes will fill a real 
need. 

Volume I concerns itself with the fundamentals of physical 
chemistry—atomistics and thermodynamics. Chapter I, The 
Atomic Concept of Matter, presents the material in a way famil- 
iar to all who have had a course in physical chemistry. Its 
thoroughness makes it extremely useful. Those who are famil- 
iar with the earlier editions will find Chapter II an up-to-date 
revision of the discussion of atomic theory and atomic structure. 
Following this presentation of the microscopic theories of physi- 
cal chemistry, a more or less standard discussion of the first and 
second laws of thermodynamics is given, which ends with a very 
brief presentation of the statistical nature of thermodynamics. 
One of the most recent and significant advances in science has 
been the clarification of the third law of thermodynamics by the 
combination of quantum mechanics, statistical mechanics, and 
thermodynamics. This development is admirably presented in 
the fourth and last chapter. Chapters I and IV should prove 


especially valuable to workers in chemistry. 
Joun P. Howe 


BROWN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


ViTALIzED CHEMISTRY. Russell T. DesJardins, Department of 
Chemistry, Pierre S. DuPont High School, Wilmington, Del. 
Edited by George C. Job, Department Supervisor of Science, 
Public Schools, Albany, N. Y., and Theodore C. Sargent, High 
School, Swampscott, Mass. College Entrance Book Com- 
pany, New York, 1942. iv + 380 pp. 63 figs. 13.3 X 19 
cm. $0.50. 

This paper-bound textbook for high-school chemistry is unique 
in its format rather than in its content. The most outstanding 
feature is the liberal use of red ink in the printing of the text and 
illustrations. The general effect is good, adding clarity to draw- 
ings and emphasis to tables and text, although it seems out of 
place representing sulfur in the diagram of the Frasch process. 
With one exception the figures are line drawings, superior to 
photographic cuts for explaining processes. A number of the 
drawings have been made more effective through the use of white 
lines on solid black background. 

At first glance this book appears to bé a welcome reaction to the 
tendency of each new textbook to be more voluminous and en- 
cyclopaedic than any of its predecessors. Closer inspection re- 
veals that brevity has been achieved by abbreviated treatment 
of topics, rather than by the elimination of topics. This state- 
ment is less true of the author’s treatment of the fundamentals of 
chemical theory than it is of his discussion of the applications of 
chemistry. 


The order of topics is conventional in the first two-thirds of © 


the book. The remaining chapters deal with various applica- 
tions of chemistry directly. There are chapters on structural 


metals, ‘‘airplane’’ metals and protective metals, on paints, on 
food, drugs and cosmetics, on textiles and plastics, and on chemi- 
cal warfare. The information in the twenty-page appendix has 
been well selected, and includes a bibliography, a glossary, bio- 
graphical sketches, chemical tests, tables of properties, and a 
specimen examination. At the close of each chapter there is a 
list of questions on the text. In addition, many chapters in- 
clude brief objective tests. One notes but few questionable 
statements in the book, although the author’s definition of pH as 
“potential hydrogen ion concentration’’ would stand re-checking. 
RoBErT L. EBEL 


Epison INst1TuTE H1cH SCHOOL 
DEARBORN, MICHIGAN 


PHYSICAL CHEMISTRY FOR STUDENTS OF BIOCHEMISTRY AND 
MepicinE. Edward Stanton West, Ph.D., Professor of Bio- 
chemistry in the University of Oregon Medical School. The 
Macmillan Company, New York, 1942. xiv + 368 pp. 24 
figs. 15.5 X 23.5cm. $65.75. 


The author states that he is writing primarily for biochemical 
and premedical students. He endeavors to accomplish this in 
the following chapters: Introduction; The Structure of Matter 
and Some Fundamental Chemical Principles; Gases and Solu- 
tions; Osmotic Pressure; Electrolytic Dissociation and the Mass 
Law; Acids, Bases and Buffers; The Determination of pH; The 
Colloidal State and Chemical Phenomena; Oxidation and Re- 
duction; the Velocity of Reactions. While all these matters are 


undeniably important to biochemistry and medicine, it is re- 
grettable that the colligative properties of solutions, other than 


osmotic pressure, are scarcely mentioned, and there is no discus- 
sion of the measurement of conductance, of transference numbers, 
of heterogeneous equilibrium, or of thermochemistry. It seems 
that the long treatment of atomic and molecular structure and 
of activity coefficients might well be considerably shortened to 
permit the inclusion of some of these more important subjects. 

The book is replete with illustrations drawn from biology and 
medicine. Another valuable feature is the inclusion of a fairly 
lengthy list of books and journals that should be accessible to 
every biochemist. The author’s discussion of acids, bases, and 
buffers, of the determination of pH, of colloids, and of oxidation 
and reduction is quite commendable. There is an excellent ap- 
pendix on the use of logarithms which should be very helpful. 
However, the reviewer believes it is entirely reasonable to expect 
a more adequte mathematical background of premedical students 
than is required by this book. 

The book is marred by several errors and misleading state- 
ments. Thus per cent by volume is stated to be grams solute per 
100 cc. solution; the impression is given that rise of temperature 
always lowers the solubility of a gas (but consider the HCI- 
H,0 system); fogs and smokes are colloidal solutions and should 
not be used as illustrations in a list of molecular dispersions; not 
all alloys are solid solutions; etc. The author gives 0.3376 and 
0.2848 as the voltages of the decinormal and normal calomel 
electrodes. Since I. C. T. gives 0.3334 and 0.2805, respectively, 
it would help to point out that the values furnished include aver- 
age liquid junction potentials. 

Each chapter has attached a list of books (but not articles) 
pertaining to its contents, and a list of questions and elementary 
problems. There are 32 tables scattered through the book. 
Type and general appearance are very good. 

The book is worth consideration by anyone who must teach a 
one-semester, elementary, relatively non-mathematical course to 


premedical and biochemical students. 
Matco_m M. HarInGc 


UNIVERSITY OF MARYLAND 
COLLEGE PARK, MARYLAND 
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Atoms, Rocks, AND GALaxies. John Stuart Allen and Sidney 
James French, John Grant Woodruff, Clement Long Henshaw, 
David Woolsey Trainer, Jr. Revised Edition. Harper and 
Brothers Publishers, New York, 1942. x + 719 pp. 13 X 
21.5cm. $3.75. 


This very solid book has been developed over the last dozen 
years to serve as the text in the survey course in physical science 
at Colgate University. Eighty per cent of it, including all the 
chemistry, is the work of the senior author, an astronomer. 
(Curiously enough, the chemist of the group contributed only 
the chapters on sound and heat.) In spite of its omission from 
the title, physics is given approximately equal space with chem- 
istry, geology, and astronomy. 

A survey course may be anything from a set of popular lectures 
to a group of short courses in the subjects covered. This one 
approximates the latter extreme. An enormous amount of fac- 
tual material is presented and well tied together with sound 
theory. The chemistry is well selected and its treatment is au- 
thentically modern. The physics includes all the material from 
that science which teachers of elementary chemistry find it 
necessary to inflict upon their students, and there is very little 
of it that is not useful to a chemist. It is excellently presented. 
The other two sciences appear to be adequately handled, but 
another than this reviewer would be better fitted to give a critical 
evaluation there. 

A student who actually knew and understood the physics and 
chemistry here presented would be extraordinarily well equipped 
to enter a standard elementary chemistry course; far better 
equipped than if he had taken any high-school chemistry course 
with which this writer is familiar. It is impossible, however, to 
avoid wondering to what extent the student masters the compact 
masses of chemical theory and to what extent he depends for 
passing the course upon assiduous memorizing of the extremely 
careful and complete summaries at the end of each chapter. 

A few details in the text may be adversely criticized. In the 
section on minerals (p. 86) twice the space is given to gold and 
silver ores that is given to the much more important copper. 
The only source of copper mentioned is the native copper of 
Michigan, to the complete neglect of the far greater quantities 
obtained from the sulfide ores of the Rocky Mountain states. 
It could well be stated that most silver is a by-product from cop- 
per and lead mines. 

The fact that a gas cools upon being expanded and heats on 
being compressed is said to be equivalent to Charles’ law (p. 128) 
and to be that law (p. 134). 

In the discussion of the efficiency of the heat engine (p. 289) 
the simple statement that (Jz — 71)/7: = Efficiency is never 
actually made or definitely explained, and a quite unnecessarily 
inaccurate value of 25% is given for the efficiency in a case where 
the figures lead to the value 22%. 

On page 374 the M-shell of an atom is said to be filled by eight 
electrons. 

The action of baking powder is described as due to the thermal 
decomposition of NaHCO;, no mention being made of any acid 
(p. 444). 

CaC, is diagrammed as a three-membered ring, the Ca sharing 
an electron pair with each C atom (p. 463), thus: 


dp aa 
a 


In the discussion of the sun (p. 648) the facts concerning criti- 
cal pressure, elsewhere merely omitted, are actively flouted by 
the statement that when all the empty space is squeezed out of a 
gas it becomes a liquid. 

The book is attractively bound and well printed, and contains 
a multitude of well-chosen diagrams and good photographic il- 
lustrations. Only three typographical errors were noted, but as 
these affected the meaning of sentences, they should be noted. 
Page 81, sixth line from bottom, reads ‘“‘compounds”’ where ‘‘com- 
ponents’ appears to be meant. Page 83, at top of Fig. 3.5, should 
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read ‘‘The two minerals” instead of ‘‘Two minerals.”’ Page 413, 
next to bottom line, should read ‘‘only of’’ not ‘‘of only.” 

This book should be required reading for all liberal arts stu- 
dents who are planning to fulfil the science requirements for 
their degree by taking a biological science only, and is highly rec- 
ommended to the attention of anyone giving a survey course in- 


cluding any of the four fields which it covers. 
Ewinc C. Scott 


Sweet Briar COLLEGE 
Sweet Briar, VIRGINIA 


CHEMISTRY OF ENGINEERING MATERIALS. Robert B. Leighou. 
Rewritten by J. C. Warner (Editor), Thomas P. Alexander, 
Paul Fugassi, D. S. McKinney, Harry Seliz, Guido H. Stempel, 
Jr., and K. K. Stevens of the Carnegie Institute of Technology, 
McGraw-Hill Book Company, New York, 1942. xxii + 621 
pp. 91 figs. 15 X 22.7cm. $4.50. 


This is the fourth edition of ‘‘Chemistry of Engineering Mate- 
rials,’ the first three editions having been written by the late 
Professor Leighou. As stated in the preface, the purpose is “‘that 
of providing information on the chemical properties of engineer- 
ing materials so that these materials may be more intelligently 
selected and used.’”’ The emphasis is placed upon properties of 
materials, but where the authors consider a description of the 
manufacturing process to be important in understanding the 
properties, such a description is included. 

The range of subject matter can best be given by listing the 
chapter headings. They are:- Water for Steam Generation; 
Fuels, Combustion, and Lubricants; Refractories; The Non- 
ferrous Metals; Nonferrous Alloys; Production of Iron and 
Steel; Alloys of Iron; Technology of Shaping Metals and 
Alloys; Corrosion of Metals and Alloys; Protective Metallic 
and Inorganic Coatings; Building Stones; Lime and Gypsum 
Products; Portland Cement and Concrete; Clay and Clay 
Products; Abrasives; Glass; Organic Plastics; Rubber: Nat- 
ural and Synthetic; Organic Protective Coatings; Glues and 
Adhesives; Insulating Materials. 

The new edition brings up to date a great deal of information 
valuable to the engineer and contains good, although sometimes 
brief, theoretical discussions of various subjects, such as corro- 
sion and phase diagrams. In its present form the book can be 
considered to give a brief survey of industrial chemistry as well 
as a discussion of the properties of materials useful in engineering 
work. The text is very well written, figures and tables are ex- 
cellent, and the format good. 

The book can be highly recommended to engineers and stu- 
dents of engineering as interesting and informative reading. 

ARTHUR A. VERNON 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


THE RECOVERY OF Vapors. Clark Shove Robinson, Massachu- 
setts Institute of Technology. First Edition. Reinhold 
Publishing Corporation, New York, 1942. vii + 265 pp. 
117 figs. 15 XK 23cm. $4.75. 


According to the author the purpose of the book is to present 
‘‘a course of study in the basic theory of the recovery of vapor for 
the benefit of engineers and others who find that they need ele- 
mentary information on the subject . . .. It is obviously not 
meant for the expert in the field, but rather for the beginner who 
wants to enter it.” 

Approximately the first quarter of the book is devoted to a 
discussion of physical-chemical and engineering topics pertinent 
to the field. The rest of the book describes the principles of 
vapor recovery by condensation, absorption, vaporization with 
inert gases, compression, scrubbing, and solvent extraction. The 
author has purposely omitted a discussion of the evaporation of 
the solvent from tke material in which it has been used and also 
the treatment of recovered solvent by distillation or purification 
since these subjects are covered in other books. 
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The reviewer feels that the author has achieved his purpose 
extremely well. The book is very readable, gives a good picture 
of the field and would enable anyone interested to delve deeper 
into the field. The illustrations, descriptions, and explanations 
hold the reader’s interest throughout. It can be recommended to 
those unfamiliar with the field but who wish to know about the 


methods of solvent recovery in use in industry today. 
: A, A. VERNON 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


H. B. Watson 
The Clarendon 
14.5 X 23 cm. 


MODERN THEORIES OF ORGANIC CHEMISTRY. 
D. Sc. (Wales), F. I. C. Second Edition. 
Press, Oxford, England, 1941. viii + 267 pp. 
$4.00. 

Recent mathematical and physical advances have found im- 
portant applications in the general field of chemistry. “In this 
volume an attempt is made to present the modern viewpoint in 
a concise and simple form, and to show how the new conceptions 
have followed logically from the earlier views. A brief and very 
elementary account of the physical foundations of the subject is 
followed by the development of the main theme of the book, viz., 
the application of electronic theory to the reactions of organic 
compounds, and by a description of some of the better known 
phenomena (such as addition and substitution reactions, tauto- 
meric changes, molecular rearrangements, and the stability of 
free radicals) in terms of modern ideas. An account of some of 
the recent developments in stereochemistry is also included.” 


CHEMISTRY AND PHYSIOLOGY OF THE VITAMINS. H. R. Rosen- 
berg, Sc.D. Interscience Publishers, Inc., New York, New 
Vork, 1942. xix +674pp. 25figs. 15% 23cm. $12.00. 


The very broad scope of the author’s ambition for this volume 
is indicated by the following condensation of its table of contents: 
The vitamins A, By, “‘B” (riboflavin), Bs, nicotinic acid and nico- 
tinamide, pantothenic acid, inositol, para-aminobenzoic acid, 
vitamin C, the vitamins D, the vitamins E, vitamin H (biotin), 
the vitamins K, and vitamin P, are discussed each in a separate 
chapter under the same general outline of topics: ‘“nomencla- 
ture and survey,” chronology, occurrence, isolation, properties, 
chemical constitution, synthesis, industrial methods of prepara- 
tion, biogenesis, specificity, determination, standards, physiology 
of plants and microérganisms, animal physiology, avitaminosis 
and hypovitaminosis, hypervitaminosis, and requirements. 
Following, there is a chapter on some seventeen ‘‘non-identifted 
vitamins”; and an appendix dealing with the so-called ‘‘vitagens,” 
substances having in common with the vitamins that they “are 
required for normal growth and maintenance of life of animals, 
including man, who, as a rule are unable to synthesize (them) 
...; but which fail to satisfy all of the stipulations included in 
Rosenberg’s 83-word definition of vitamins in that they either 
act as suppliers of energy or serve as structural building units. 
Nearly one-tenth of the volume is occupied by the author index 
and the subject index; and a section of equal length is devoted 
to an index of United States and foreign patents dealing with 
vitamins. 

The structural chemistry of the vitamins and the synthetic 
steps leading to industrial production are treated quite fully. 
The author introduces himself in the preface as having been 
“connected at some time or other with the development of many 


JoURNAL OF CHEMICAL EDUCATION 


of the vitamins known today,’ and the book as a whole indicates 
strongly that he thinks of the vitamins rather as commodities 
than as natural food constituents. He includes no specific data 
on vitamin values of foods and his generalizations on this subject 
seem designed to make the reader entirely distrustful of foods as 
sources of vitamins. More space is given to the occurrence and 
possible functions of vitamins in nature, and it is doubtless this 
material which is deemed to justify including physiology in the 
title of the book. But in the opinion of the present reviewers the 
nutritional and other physiological aspects are treated unevenly 
and not in a way to inspire confidence that the knowledge avail- 
able has been handled with a firm grasp, though the author’s ap- 
parent greater familiarity with European writings than with 
American scientific literature permits him to enliven some of the 
physiological discussions with speculations relatively unfamiliar 
to us. . 

Both the qualitative and quantitative aspects of Dr. Rosen- 
berg’s discussions of human requirements for the different vita- 
mins are, in our opinion, disappointing and at some points con- 
fusing or misleading. On the qualitative side, the scales do not 
seem to us to be held even as between, for example, vitamin Bz and 
para-aminobenzoic acid; while the whole quantitative side of the 
consideration of human requirements suffers greatly from failure 
to include the Recommended Allowances of the Committee on 
Food and Nutrition (now Food and Nutrition Board) of the 
National Research Council, although these were published early 
in 1941. 

In addition to such unevenness as might naturally be expected 
when a single author endeavors to handle such a large and rap- 
idly growing literature, the reader must also be on guard against 
errors and inconsistencies. Thus nitrogen appears twice as bi- 
valent: on page 123 where N has been put in the place of S in 
the structural formula of thiamin, and on page 180 through typo- 
graphical omission of a bond. On page 100, one gram of thiamin 
is said to equal over 3,000,000 International Units. The equiva- 
lent in International Units for one gram of vitamin A is given as 
4,500,000 on pages 57 and 60, and as 3,320,000 on page 75. The 
statement on page 92, repeated on page 93, that nightblindness is 
the earliest symptom of vitamin A deficiency should, we think, be 
somewhat qualified or explained. Also, on page 190, the state- 
ment: ‘Growth of young rats ceases as soon as the diet is vita- 
min Be-deficient.’”” In some cases references cited do not con- 
tain the information attributed (examples on pages 198 and 199). 

This book is undoubtedly the fullest available summary of the 
chemical development of synthetic vitamins as articles to be pat- 
ented, manufactured, and sold, but its attempted pronounce- 
ments outside of that field are, in the opinion of the present re- 
viewers, often disappointing and sometimes distinctly misleading. 
The author exaggerates his distrust of foods as sources of vitamins 
to the verge of self-contradiction in the statement (page 34) that 
“the normal food of the average man in most countries is devoid 
of many vitamins.” This can hardly be attributed solely to 
language difficulty with the word “devoid,” for there are too 
many other indications that Dr. Rosenberg would have his read- 
ers chronically distrust the vitamin values of foods. 

He generalizes broadly and pessimistically on natural varia- 
tions and losses in cooking without any attempt at careful evalua- 
tion of the evidence as to the categories in which these variations 
are relatively large and those in which they are relatively small. 

CAROLINE SHERMAN LANFORD 
H. C. SHERMAN 


CoLumMBIA UNIVERSITY 
New York, New York 
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This masterly treatise presents a vast amount of essential data on 
the constitutions, properties, and biological relations of all im- 
portant natural pigments. Modern biological research is now 
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Potash In North America 
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chemical and mining professions. For here is related a romance 
of the American chemical industry — the story of Potash — 
our former dependence on Europe for supply — the miracle of 
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186 pages illustrated $3.50 
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and 
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Due to the rapid advances now being made in the surface chem- 
istry of living cells — in particular the investigation of proteins 
by electrophoresis — this volume is valuable and timely. Both 
theoretical and practical aspects of the subjects are deftly treated 
and fully discussed. An able study of protein behavior, this 
book will contribute greatly to a clearer understanding of how 
proteins act in living cells. 

$6.00 


341 pages 


The Amazing Petroleum Industry 
By V. A. Kalichevsky 


An intensely interesting and non-technical resume of petroleum 
and essential by-products. Tells simply what petroleum is — 
what it does — how it is obtained and transported. Describes 
the interesting story how chemists learned to extract from pe- 
troleum gasolines of super performance by the ‘‘cracking"’ processes. 
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The complete story of the composite electron microscope lucidly 
related by the men who developed the first electron microscope 
in America. In delightful and easy fashion the principles and 
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By Edwin J. Cohn and John T. Edsall, Harvard Medical School 


As the title suggests, this book is an exhaustive treatise on the 
physical chemistry of proteins, amino acids, and peptides. Con- 
sequently its value is enormous to chemists, biologists, immunolo- 
gists, physicians and investigators in related fields. Prepared 
with mature, scholarly acumen, this volume will long remain 
unparalleled as a dependable reference work and a compendium 
of information in this rapidly developing field. 

700 pages illustrated $13.50 
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By Walter J. Baeza 
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material comprising a series of lectures on the history of powder 
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minimum equipment; the third outlines 15 significant experi- 
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the book. 

$3.50 


210 pages 
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By Austin M. Patterson and Leonard T. Capell 


Lists over 4,000 ring systems. Covers literature up to, and partly 
through, 1939. Gives for each ring system: (1) Structural 
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rules of the International Union of Chemistry. (2) Other num- 
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$8.00 


A.C.S. Monograph 661 pages 


Noxious Gases and the Principles of 
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By Yandell Henderson and Howard W. Haggard 


This book assumes immediate and vital importance to the war 
effort. It describes in detail the toxic effects of all gases and 
vapors encountered in industrial areas due to fires and explosions 
and authoritatively sets forth the correct treatment for all types 
of asphyxia. Several chapters are devoted to an extensive classi- 
fication of toxic gases according to their mode of action. Indus- 
trial chemists and safety engineers will find this book invaluable — 
especially in plants producing synthetic organic chemicals. 


294 pages illustrated $3.50 
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$2.50 John Wiley. 

Evans, Day and Garrett. An Elementary Course in Qualitative 
Analysis (New Edition). 1942 240 pp $2.25 Ginn and 
Company. 

Hartsucu. Laboratory Manual of Qualitative Analysis. 1932 
130 pp $1.60 John Wiley. 

Hocness, T. R. and Jonnson, W. C. Jonic Equilibrium as Ap- 
plied to Qualitative Analysis. 1941 306 pp $2.00 Henry 
Holt. 

Hocness, T. R. and Jounson, W. C. Qualitative Analysis and 
Chemical Equilibrium (Revised). 1940 5388 pp $3.00 
Henry Holt. 

MCALPINE and Soute. Fundamentals of Qualitative Chemical 
Analysis (2nd Edition). 1941 373 pp $2.50 D. Van 
Nostrand. 

Noyves-Bray. System of Qualitative Analysis. 1927 536 pp 
$5.50 Macmillan. 

Noyves-Swirt. Qualitative Chemical Analysis (10th Edition). 
1942 418 pp $2.75 Macmillan. 

Reepy. Elementary Qualitative. Analysis (8rd Edition). 1941 
156 pp $1.50 McGraw-Hill. 

TREADWELL and Hav. Qualitative Analysis (9th Edition). 
1937 630pp $4.50 John Wiley. 


Semimicro 


ARTHUR and SmitH. Semimicro Qualitative Analysis. 1942 322 
pp $2.75 McGraw-Hill. 

BARBER and TayYLor. Semimicro Qualitative Analysis. 1941 
446 pp $3.50 Harper. 

CurtMan. Introduction to Semimicro (Qualitative Chemical 
Analysis. 1942 377 pp $2.75 Macmillan. 

ENGELDER, DUNKELBERGER and SCHILLER. Semi-Micro Quali- 
tative Analysis (2nd Edition). 1940 305 pp $2.75 John 
Wiley. 

Evans, GARRETT, and QuiLt. Semimicro Qualitative Analysis. 
1940 246pp $2.25 Ginn and Company. 

FEIGL, F. Qualitative Analysis by Spot Tests, Inorganic and 
Organic Applications (2nd English Edition. Translated from 
3rd German Edition by J. W. Matthews). 1939 461 pp 
$7.00 Interscience. 

FEIcL, F. Specific and Special Reactions for Use in Qualitative 
Analysis (Translated from the 3rd German Edition by R. E. 
Oesper). 1940 192 pp $3.50 Interscience. 

Ketsey-Dretricu. Fundamentals of Semimicro Qualitative 
Analysis. 1940 350 pp $2.75 Macmillan. 

MELDRUM, FLosporF, and Daccetr. Semimicro Qualitative 
Analysis of Inorganic Materials. 19389 368 pp $2.75 
American Book Company. 

SPOERRI, WEINBERGER and GINNELL. Principles and Practices 
of Qualitative Analysis. 1942 282 pp $2.75 McGraw-Hill. 


Other Analytical 


BENEDETTI-PICHLER. Introduction to the Microtechnique of In- 
organic Analysis. 1942 302pp $3.50 John Wiley. 

Brope. Chemical Spectroscopy (2nd Edition). 1943 Approx. 
631 pp Probable Price $6.50 John Wiley. 

BROWNE and ZERBAN. Physical and Chemical Methods of Sugar 
Analysis (8rd Edition). 1941 1353 pp $15.00 John Wiley. 

CHamot and Mason. Handbook of Chemicat Microscopy (Vol- 
ume I) (2nd Edition). 1938 478 pp $4.50 John Wiley. 

Cuamotand Mason. Handbook of Chemical Microscopy (Volume 
II) (2nd Edition). 1940 438pp $5.00 John Wiley. 

Doe. TheGlass Electrode. 1941 332pp $4.50 John Wiley. 

FurMAN. Scott’s Standard Methods of Chemical Analysis (5th 
Edition) (Two volumes). 2811 pp 1939 $17.00 D. Van 
Nostrand. 

HILLEBRAND and LuUNDELL. Applied Inorganic Analysis. 1929 
929 pp $8.50 John Wiley. 
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McGRAW-HILL TEXTS 


Recommended joo ARMY SPECIALIZED TRAINING PROGRAM 
Aduanced Phase CHEMICAL ENGINEERING CURRICULUM 


The following texts are recommended to your attention for possible use in the AST program in 
Chemical Engineering. Those titles marked with an asterisk are among the texts suggested in the 
official Army program. The others are recommended as being standard college texts that should 


be suitable for use in AST courses. 


QUALITATIVE ANALYSIS: AST-401 
Arthur and Smith’s SEMI-MICRO QUALITA- 
TIVE ANALYSIS. 198 pages, $2.00 
Hammett’s SOLUTIONS OF ELECTROLYTES 
WITH PARTICULAR ATTENTION TO 
QUALITATIVE ANALYSIS. Second edition. 
238 pages, $2.25 
Reedy’s ELEMENTARY QUALITATIVE 
ANALYSIS FOR COLLEGE STUDENTS. 
Third edition. 156 pages, $1.50 
Reedy’s THEORETICAL QUALITATIVE 
ANALYSIS. 451 pages, $3.00 
Spoerri, Weinberger and Ginell’s PRINCIPLES 
AND PRACTICE OF QUALITATIVE ANALY- 
SIS. 282 pages, $2.75 
(Note: Smith and Miller's QUALITATIVE 
CHEMICAL ANALYSIS is out of print). 


QUANTITATIVE ANALYSIS: AST-402 
Booth and Damerell’s QUANTITATIVE ANALY- 
SIS. 246 pages, $2.25 
Hamilton and Simpson’s CALCULATIONS OF 
QUANTITATIVE CHEMICAL ANALYSIS. 
Third edition. 293 pages, $2.50 
Mahin’s QUANTITATIVE ANALYSIS. Fourth 
edition. 623 pages, $4.00 
Rieman, Neuss and Naiman’s QUANTITATIVE 
ANALYSIS. Second edition. 496 pages, $3.50 
Wilkinson's CALCULATIONS IN QUANTITA- 
TIVE CHEMICAL ANALYSIS. Second edition. 
154 pages, $1.75 


PHYSICAL CHEMISTRY: AST-403-404 
Daniels’ MATHEMATICAL PREPARATION 
FOR PHYSICAL CHEMISTRY. 305 pages, 
$3.00 
Daniels, Mathews and Williams’ EXPERIMEN- 
TAL PHYSICAL CHEMISTRY. Third edition. 
460 pages, $3.50 
* Millard’s PHYSICAL CHEMISTRY FOR COL- 
LEGES. Fifth edition. 600 pages, $3.75 


INDUSTRIAL CHEMICAL CALCULATIONS: 
AST-403 
Lewis and Radasch’s INDUSTRIAL STOICHI- 
OMETRY. 175 pages, $2.50 


CHEMICAL ENGINEERING PROBLEMS: 
AST-410 


Perry's CHEMICAL ENGINEERS’ HAND- 
BOOK. Second edition. 3029 pages, $10.00 


ORGANIC CHEMISTRY: AST-405 
Pl ORGANIC CHEMISTRY. 730 pages, 
75 
Huntress’ PROBLEMS IN ORGANIC CHEM- 
ISTRY. 275 pages, $2.25 
* Norris’ PRINCIPLES OF ORGANIC CHEM- 
ISTRY. Third edition. 595 pages, $3.00 


Laboratory Manuals: 

Adkins, McElvain and Klein’s AN INTRODUC- 
TION TO THE PRACTICE OF ORGANIC 
CHEMISTRY IN THE LABORATORY. Third 
edition. 294 pages, $2.50 

Coghill and Sturtevant’s AN INTRODUCTION 
TO THE PREPARATION AND IDENTIFICA- 
TION OF ORGANIC COMPOUNDS. 226 
pages, $1.75 

Desha and Farinholit’s EXPERIMENTS IN 
ORGANIC CHEMISTRY. 230 pages, $1.75 
Norris’ EXPERIMENTAL ORGANIC CHEM- 
ISTRY. Third edition. 233 pages, $1.50 


UNIT OPERATIONS I: AST-415-416 
* Badger and McCabe’s ELEMENTS OF CHEM- 
ICAL ENGINEERING. Second edition. 660 
pages, $5.00 
Walker, Lewis, McAdams and Gilliland’s PRIN- 
CIPLES OF CHEMICAL ENGINEERING. 
Third edition. 749 pages, $5.50 


CHEMICAL TECHNOLOGY: AST-505 
Badger and Baker’s INORGANIC CHEMICAL 
TECHNOLOGY. Second edition. 237 pages, 
$2.50 
Griffin's TECHNICAL METHODS OF ANALY- 
SIS. Second edition. 936 pages, $7.50 
Leighou’s CHEMISTRY OF ENGINEERING 
MATERIALS. Fourthedition. 645 pages, $4.50 
Parr’s THE ANALYSIS OF FUEL, GAS, 
WATER AND LUBRICANTS. Fourth ‘edition. 
371 pages, $3.00 


PHYSICAL METALLURGY: AST-410 
Brick and Phillips’ STRUCTURE AND PROP- 
ERTIES OF ALLOYS. 227 pages, $2.50 
Doan and Mahla’s THE PRINCIPLES OF 
PHYSICAL METALLURGY. Second edition. 
388 pages, $3.50 
van Wert’s AN INTRODUCTION TO PHYSI- 
CAL METALLURGY. 272 pages, $3.00 
Williams and Homerberg’s PRINCIPLES OF 
METALLOGRAPHY. Fourth edition. 339 
pages, $3.50 


Send for copies on approval 


Mc GRAW-HILL BOOK COMPANY, Inc. 


330 WesT 42ND STREET 


New York, N: Y. 
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Ko.tuorF and Laitinen. H and Electro Titrations (2nd Edi- 
tion). 1941 190pp $3.00 John Wiley. 

Low, WE1nIG and ScHoper. Technical Methods of Ore Analysis 
(11th Edition). 1939 325pp $3.75 John Wiley. 

LuNDELL and HorrmMan. Outlines of Methods of Chemical 
Analysis. 1938 250 pp $3.00 John Wiley. 

LUNDELL, HOFFMAN and Bricut. Chemical Analysis of Iron and 
Steel. 1931 641 pp $7.00 John Wiley. 

MULLER, OTTO H. The Polarographic Method of Analysis. 1941 
113 pp $1.00 Journal of Chemical Education. 

TuHompson, H.W. Chemical Spectroscopy. 1988 93pp $2.35 
Oxford. 

U. S. Steet Corp. Sampling and Analysis of Carbon and Alloy 
Steels. 1938 356 pp $4.50 Reinhold. 

WELCHER. Chemical Solutions. 1942 404pp $4.75 D. Van 
Nostrand. 

Yor and Sarver. Organic Analytical Reagents. 1941 339 pp 
$4.00 John Wiley. 


ORGANIC 


Apams. Organic Reactions (Volume I). 1942 391 pp $4.00 
John Wiley. 

Apams and Jounson. Elementary Laboratory Experiments in 
Organic Chemistry (8rd Edition). 1940 420 pp $2.00 
Macmillan. 

ALLEN. Organic Syntheses (Volume 20). 1940 113 pp $1.75 
John Wiley. 

Bertstein. Handbuch der organischen Chemie (4th Edition) (59 
volumes in 49). Main Series, Volume I, 1918; 982 pp $12.50 
(Complete set $400.00) Edwards Brothers. 

BreILstEIN. Handbuch der organischen Chemie (4th Edition). 
Formula Index, Part 2. 1940 Pp 1209-2422 $12.50 Ed- 
wards Brothers. 

BeILstEIN. Handbuch der organischen Chemie (4th Edition). 2. 
Erganzungswerk (Second Supplement) (Volume I). 1941 
939 pp $12.50 Edwards Brothers. 

Bratt. Organic Syntheses (Collective Volume II). 1948 
About $6.50 John Wiley. 

BoorD, BropE and Bossert. Laboratory Outlines and Notebook 
for Organic Chemistry. 1940 241 pp $1.75 John Wiley. 
CaALDWELL,.W. T. Organic Chemistry. 1948 763 pp $4.25 

Houghton Mifflin. 

Cueronis, Nicuotras D. Organic Chemistry. 1941 728 pp 
$4.00 Crowell. 

Cueronis, NicuoLtas D. Semimicro and Macro Organic Chemis- 
try. 1942 388 pp $2.75 Crowell. 

Co.Bert, J.C. Laboratory Technique of Organic Chemistry (2nd 
Edition). 1942 341 pp $2.50 D. Appleton-Century. 

CoLBert, J. C. A Shorter Course in Organic Chemistry (2nd 
Edition). 1942 355pp $3.90 D. Appleton-Century. 

Conant. Chemistry of Organic Compounds (2nd Edition). 1939 
658 pp $4.00 Macmillan. 

Conant. Organic Chemistry (2nd Edition). 1936 293 pp 
$3.25 Macmillan. 

DEGERING, Ep F. Fundamental Organic Chemistry (8rd Edi- 
tion). 1942 495 pp $3.00 John S. Swift. 

DEGERING, Ep F. The Quadri-Service Manual of Organic Chemis- 
try. 1942 221 pp $2.50 Houghton Mifflin. 

DEGERING, Ep F., Borpenca, Cari, and Gwynn, B. H. An 
Outline of Organic Nitrogen Compounds. (8rd Edition). 1942 
381 pp $6.00 John S. Swift. 

Drake. Organic Syntheses (Volume 21). 1941 120 pp $1.75 
John Wiley. 

EcLorr, KOMAREWSKY and Hua. Isomerization of Pure 
Hydrocarbons (A. C. S. Monograph). 1942 499 pp $9.00 
Reinhold. 

Fuson, Connor, Price and Snyper. Brief Course in Organic 
Chemistry. 1941 248 pp $2.50 John Wiley. 

Fuson and SNYDER. Organic Chemistry. 1942 506 pp $3.50 
John Wiley. 

Gararp. Introduction to Organic Chemistry (2nd Edition). 1940 
389 pp $3.00 John Wiley. 

GATTERMANN-WIELAND. Laboratory Methods of Organic Chemis- 
try. 1937 435 pp $5.00 Macmillan. 

Grsson. Essential Principles of Organic Chemistry. 1937 548 pp 

$4.50 Macmillan. 
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Gimtman. Organic Chemistry (2nd Edition) (Volume I). 1943 
1077 pp $7.50 John Wiley. 

GiumMan. Organic Chemistry (2nd Edition) (Volume II). 1943 
1983 pp $7.50 John Wiley. 

GiLMAN and Biatr. Organic Syntheses (Collective Volume I) 
(2nd Edition). 1941 580 pp $6.00 John Wiley. 

Hitt and Keiiey. Organic Chemistry. 1943 919 pp $4.00 
Blakiston. 

HUuntTREsSS and MuLuIKEN. Identification of Pure Organic Com- 
pounds. 1941 691 pp $7.50 John Wiley. 

KaRRER, PAuL. Organic Chemistry (Translated from the 6th 
German Edition by A. J. Mee). 1939 900 pp $11.00 In- 
terscience. 

Kiprinc, F. STANLEY and Kippinc, F. Barry. Perkin and 
Kipping’s Organic Chemistry (8rd Edition). 1941 1029 pp 
$6.00 Crowell. 

Lowy and Batpwin. A Laboratory Book of Elementary Organic 
Chemistry (2nd Edition). 1934 183 pp $2.50 John Wiley. 

Lowy and Harrow. Introduction to Organic Chemistry (5th 
Edition). 1940 400pp $3.00 John Wiley. 

Lucas. Organic Chemistry. 1935 692 pp $3.75 American 
Book Company. 

Mark, H. and Rarr, R. High Polymeric Reactions (Translated 
from the manuscript by L. J. Weissberger and I. P. Irany) 
(Volume III of the High Polymers Series). 1941 490 pp 
$6.50 Interscience. 

Mark, H. and Wuirsy, G. Starrorp. Collected Papers of Wal- 
lace Hume Carothers on High Polymeric Substances (Volume I 
of High Polymers Series). 1940 478 pp $8.50 Inter- 
science. 

MELLAN. Organic Reagents in Inorganic Analysis. 1941 682 pp 
$9.00 Blakiston. 

Mever, KurtH. Natural and Synthetic High Polymers (Volume 
IV in the High Polymers Series). Translated by L. E. R 
Picken. 1942 700 pp $11.00 Interscience. 

Ray, Francis Earyt. Organic Chemistry. 1941 706 pp $4.00 
with problem supplement. J. B. Lippincott. 

RicuTer. Laboratory Manual of Elementary Organic Chemistry 
1940 128pp $1.25 John Wiley. 

RicuTer. Organic Chemistry (Volume I). The Chemistry of the 
Aliphatic Series (Revised and rewritten by Fritz Reindel, newly 
translated and revised by E. N. Allott). 1934 804 pp 
$10.00 Interscience. 

RIcHTER. Organic Chemistry (Volume II). Alicyclic Com- 
pounds-Natural Products (Newly translated and revised under 
the editorship of T. W. J. Taylor and A. F. Millidge). 1939 
670 pp $15.00 Interscience. 

Ricuter. Textbook of Organic Chemistry. 1938 7llpp $2.50 
John Wiley. 

Rosertson. Laboratory Practice of Organic Chemistry. 1937 
326 pp $2.25 Macmillan. 

Sipewick, N. V. The Organic Chemistry of Nitrogen (Revised 
and rewritten by T. W. J. Taylor). 1937 609 pp $8.90 
Oxford. 

SHRINER and Fuson. Systematic Identification of Organic Com- 
pounds (2nd Edition). 1940 312pp $2.75 John Wiley. 
SmitH. Organic Syntheses (Volume 22). 1942 114 pp $1.75 

John Wiley. 

Tuomas. Anhydrous Aluminum Chloride in Organic Chemistry 
(A. C. S. Monograph). 1941 972 pp $15.00 Reinhold. 
Watson, H. B. Modern Theories of Organic Chemistry (2nd 

Edition Revised). 1941 275 pp $4.00 Oxford. 

WERTHEIM. Experiments in Organic Chemistry. 1942 221 pp 
$1.35 Blakiston. 

WertuHerm. Introductory Organic Chemistry. 1942 482 pp 
$3.00 Blakiston. 

Wertuerm. Laboratory Guide for Organic Chemistry (2nd Edi- 
tion). 1940 560pp $2.00 Blakiston. 

WertTHEm. Textbook of Organic Chemistry. 1939 830 pp 
$4.00 Blakiston. 


PHYSICAL 


Avam, N. K. Physics and Chemistry of Surfaces (3rd Edition). 
1941 412 pp $7.50 Oxford. 

Barrer. Diffusion in Solids, 1941 484 pp $6.50 Mac- 

millan. 
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[esi HILL and KELLEY 
Organic Chemistry 


This modern textbook has been prepared for a rigorous full year’s college course in organic chemistry. Particular 
attention has been given to the specific reagents, experimental conditions, yields and the scope of reactions. Newer 
concepts of atomic structure, linkages, nature and strength of bonds, etc., are discussed with relation to the mecha- 
nisms of reactions and repeatedly applied throughout the book. Helpful — and problems are given at the end 
of each chapter. By G. R Hill, Weeleyan University, and Louise Kelley, Goucher College. 919 Pages. $4.00 (1943) 


New P 


WERTHEIM 
Introductory Organic Chemistry 


The aim of this new text is to establish a link between general chemistry and the more specialized and advanced 
courses which follow, and to ground the student in such fundamentals as an appreciation of the significance of the 
graphic formula, the importance of the functional groups in the reactions of compounds, and the relationships of simple 
compounds to each other. Summaries, review questions and specially prepared charts are included. By E. Wertheim, 
University of Arkansas. 82 Illus., 482 Pages. $3.00 (1942) 


Experiments in Organic Chemistry 


This manual was written to accompany the author’s Haesce—ad Organic Chemistry”. The experiments are 
presented in two main divisions: “preparations” and “properties”. The average time for each experiment is indi- 
cated. By E. Wertheim. 34 Illus. 221 Pages. $1.35 (1942) 


CLAYTON 
New 


ath Edition ‘The Theory of Emulsions 


This book presents a thorough study of emulsions with emphasis on their technical treatment and industrial ap- 
plication. In the treatment of industrial emulsions, the author discusses those emulsions which involve some special 
theoretical considerations and broad physico-chemical principles. The bibliographies have been greatly extended and 
a number of new illustrations and many useful tables included. By William Clayton, D.Sc., FIC. London. 103 
Illus. 492 Pages. $10.00 (1943) 


MELLAN 
Organic Reagents in Inorganic Analysis 


The sensitive, specific, time-saving and accurate methods employing organic reagents are presented in this book in 
a genuinely usable way. Limitations are given for each test wherever possible. 243 organic reagents are described; 
699 graphic formulas, and 501 procedures are included. By Ibert Mellan, M.Sc., F.A.1.C., 682 Pages. $9.00 (1941) 


SUCKLING (Thresh and Beale) 


Examination of Waters and Water Supplies 
5th Edition 


This is a timely new edition of an important reference text on the modern methods of inspection of waterworks 
and the sources and supplies of water. The problems of new water supplies, water softeners, pollution, water-borne 
diseases, the bacteriology of waters, purification and treatment processes are thoroughly discussed. By Ernest V. 
Suckling, M.R.C.S., D.P.H., London. 63 Illus. About 750 Pages. Ready“in March. 
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BERKMAN and Eciorr. Emulsions and Foams, Their Physics 
and Chemistry. 1941 491 pp $8.50 Reinhold. 

BERKMAN, MorreEtt and Eciorr. Catalysis—Inorganic and 
Organic. 1940 1150 pp $18.00 Reinhold. 

Bowen, E. J. The Chemical Aspects of Light. 1942 200 pp 
$4.00 Oxford. 

Bowven. Phase Rule & Phase Reactions. 1939 303 pp $3.00 
Macmillan. 

CuapmMan-Cow.inc. Mathematical Theory Non-Uniform Gases. 
1940 404pp $6.50 Macmillan. 

DANIELS, MaATHEws and Witiiams. Experimental Physical 
Chemistry (8rd Edition). 1941 460 pp $38.50 McGraw- 
Hill. : 

Davies. Fundamentals of Physical Chemistry (2nd Edition). 
1940 447 pp $3.50 Blakiston. 

DAVISON, VANKLOOSTER and Bauer. Laboratory Manual of 
Physical Chemistry (8rd Edition). 1941 229 pp $2.50 
John Wiley. 

Dorsey. Properties of Ordinary Water-Substance in All Its 
Phases; Water-Vapor, Water and All the Ices (A. C. S. Mono- 
graph). 1940 700pp $15.00 Reinhold. 

Droz, M. E., MULLER, R. H., and GARMAN, R.L. Experimental 
Electronics. 1942 330 pp $4.65 (trade edition) $3.50 (text 
edition) Prentice-Hall. 

Evans. An Introduction to Crystal Chemistry. 1939 388 pp 
$4.00 Macmillan. 

Farkas. Orthohydrogen, Parahydrogen and Heavy Hydrogen. 
1935 215 pp $3.10 Macmillan (Cambridge University 
Press). 

GeTMAN and Danrets. Outlines of Theoretical Chemistry (7th 
Edition). 1943 about 728 pp $3.75 John Wiley. 

GLASSTONE, LAIDLER and Eyrinc. Theory of Rate Processes. 
1941 611 pp $6.00 McGraw-Hill. 

Gucker and ME.prum. Physical Chemistry. 1942 695 pp 
$4.00 American Book Company. 

Jasper, JosepH J. Laboratory Methods of Physical Chemistry. 
1938 312 pp $2.75 Houghton Mifflin. 

Jeans. Introduction to Kinetic Theory af Gases. 1940 311 pp 
$3.50 Macmillan. 

Ko.tsorr, I. M. and Lincang, JaMes J. Polarography, Polaro- 
graphic Analysis and Voltammetry. Amperometric Titrations. 
1941 516 pp $6.00 Interscience. 

LEWIS-VON ELBE. Combustion, Flames, Explosion of Gases. 
19388 415 pp $4.75 Macmillan (Cambridge University 
Press). 

Livincston. Physico-Chemical Experiments. 1939 257 pp 
$2.25 Macmillan. 

Maass and Sreacie. Introduction to Principles of Physical 
Chemisiry (2nd Edition). 1939 395 pp $3.00 John Wiley. 

MacDouca.ti. Physical Chemistry. 1936 721 pp $4.00 
Macmillan. 

MacDoucGa.i. Thermodynamics and Chemistry (8rd Edition). 
19389 491 pp $5.00 John Wiley. 

Mark, H. Physical Chemistry of High Polymeric Systems 
(Volume II of the High Polymers Series). 1940 353 pp 
$6.50 Interscience. 

Mitiarp. Physical Chemistry for Colleges. 1941 600 pp 
$3.75 McGraw-Hill. 

Moetwyn-Hucues. Piiysical Chemistry. 1940 660pp $9.50 
Macmillan. 

Morey. Properties of Glass (A. C.S. Monograph). 1938 561 pp 
$12.50 Reinhold. 

NATIONAL RESEARCH CouncIL. Twelfth Report of the Committee 
on Catalysis. 1940 387 pp $5.00 John Wiley. 

Noves and Leicuton. Photochemistry of Gases (A. C. S. Mono- 
graph). 1941 475pp $10.00 Reinhold. 

Noves-SHERRILL. Course of Study in Chemical Principles (2nd 
Edition). 1938 554 pp $5.00 Macmillan. 

PatmMER. Experimental Physical Chemistry. 1941 300 pp 
$2.75 Macmillan. 

Roperts, J. K. Heat and Thermodynamics. 1940 488 pp 
$6.50 Interscience. 

Steiner. Introduction to Chemical Thermodynamics. 1941 516 pp 
$4.00 McGraw-Hill. 

TAYLor and GLasstone. A Treatise on Physical Chemistry (8rd 
Edition). Volume I (only) now ready. 1942 677pp $7.50 
($6.50 on orders for entire set of 5 volumes) D. Van Nostrand. 

TayLor and Taytor. Elementary Physical Chemistry (8rd Edi- 
tion). 1942 551pp $38.75 D. Van Nostrand. 

WENNER. Thermochemical Calculations. 1941 384 pp $4.00 
McGraw-Hill. 


XXVI 


ELECTROCHEMISTRY 


CREIGHTON and KoEHLER. Principles and Applications of Elec- 
trochemistry (Volume I) (8rd Edition). 1935 486 pp $4.00 
John Wiley. 

CREIGHTON and Korner. Principles and Applications of Elec- 
trochemistry (Volume II). 1935 568pp $5.00 John Wiley. 

Guasstone. Introduction to Electrochemistry. 1942 557 pp 
$5.00 D. Van Nostrand. 

GLOCKLER and Linn. Electrochemistry of Gases and Other Di- 
electrics. 1939 469 pp $6.00 John Wiley. 

MacInnes. The Principles of Electrochemistry. 1939 478 pp 
$6.00 Reinhold. 

THompson. Theoretical and Applied Electrochemistry. 1939 
535 pp $5.00 Macmillan. 


COLLOID 


Crayton. The Theory of Emulsions and Their Technical Treat- 
ment (4th Edition). 1943 492pp $10.00 Blakiston. 

HARTMAN, ROBERT J. Colloid Chemistry. 1939 556 pp $5.25 
Houghton Mifflin. 

KRAEMER, ELMER O., Editor. Advances in Colloid Science 
(VolumelI). 1942 446pp $5.50 Interscience. 

WEISER. Colloid Symposium Annual (Volume VII). 1930 300 pp 
$4.50 John Wiley. 


BIOCHEMISTRY AND FOODS 


ABRAMSON, Moyer and Gorin. Electrophoresis of Proteins and 
oF aaa of Cell Surfaces. 1942 341 pp $6.00 Rein- 
oid. 


ANDERSON. Essentials of Physiological Chemistry (2nd Edition). 
1939 323 pp $2.75 John Wiley. 

ANDERSON. Laboratory Experiments in Physiological Chemistry. 
1936 $1.50 John Wiley. 

Bopansky. JIniroduction to Physiological Chemistry (4th Edi- 
tion). 1938 686 pp $4.00 John Wiley. 

Bopansky and Fay. Laboratory Manual of Physiological Chemis- 
try (4th Edition). 1938 295 pp $2.00 John Wiley. 

Boyp, Wituiam C. Fundamentals of Immunology. 1943 446 
pp $5.50 Interscience. 

Coun and Epsati. Proteins, Amino Acids, and Peptides as Ions 
and Dipolar Ions (A. C. S. Monograph). 1943 700 pp 
$13.50 Reinhold. 

Eppy and HawLrey. We Need Vitamins. 1941 102 pp $1.50 
Reinhold. 

GortNnER. Outlines of Biochemistry (2nd Edition). 1938 1017 pp 
$6.00 John Wiley. 

Hawk and Bercem. Practical Physiological Chemistry (11th 
Edition). 1937 968 pp $8.00 Blakiston. 

Hiupitcu. Chemical Constitution of Natural Fats. 1940 438 pp 
$6.50 John Wiley 

Mayer. The Chemistry of Natural Coloring Matters (A. C. S. 
Monograph). 1943 354 pp $10.00 Reinhold. 

NEEDHAM. Biochemistry and Morphogenesis. 1942 788 pp 
$12.50 Macmillan. 

Norp, F. F. and Werxman, C. H., Editors. Advances in 
Enzymology (Volume I). 1941 444 pp $5.50 Interscience. 

Norp, F. F. and Werxman, C. H., Editors. Advances in 
Enzymology (Volume II). 1942 382pp $5.50 Interscience. 

Norp, F. F., and Werxman, C. H., Editors. Advances in 
Enzymology (Volume III). 1943 408 pp $5.50 Inter- 
science. 

Reiner, MirtaM. Manual of Clinical Chemistry. 1941 296 pp 
$3.00 Interscience. 

ROSENBERG, H. R. Chemistry and Physiology of the Vitamins. 
1942 694 pp $12.00 Interscience. 

SHERMAN. Chemistry of Food & Nutrition. 1941 611 pp 
$3.25 Macmillan. 

SHRADER. Food Control. 1939 513 pp $4.00 John Wiley. 

voN LoESECKE. Outlines of Food Technology. 1942 505 pp 
$7.00 Reinhold. 
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QUANTITATIVE ANALYSIS 
By Saul B. Arenson and George Rieveschl, U. of Cincinnati. 
Ready Spring, 1943. 


Fits the essentials of a fundamental course in quantitative 
analysis: theoretical aspects, laboratory techniques, and a large 
selection of problems. In each chapter the experiments are 
graded so that they become progressively more difficult. Most 
exercises are based on current literature and introduce short cuts 
and modifications utilized in industrial laboratories. 


THE SCIENCE OF EXPLOSIVES 
By Martin Meyer, Brooklyn College. 
Ready Spring, 1943. 


A new basic text and comprehensive survey which brings to- 
gether and organizes in systematic manner the whole field of 
explosives. While designed primarily for student use in college 
courses, it will prove an excellent general reference book for 
many now engaged in munitions work. 





SEMIMICRO AND MACRO ORGANIC 
CHEMISTRY 


By Nicholas D. Cheronis, Chicago City Colleges. 1942. 
388 p. $2.75. 


An important new manual providing semimicro technique for 
practically all experiments usually covered in the first course in 
organic chemistry. In addition it gives the traditional macro 
method in almost all cases. Thus it can readily be adapted by 
each teacher to meet his own particular conditions. 22 adoptions 
since publication. October, 1942. 





INTRODUCTORY COLLEGE 
CHEMISTRY 


By Joseph A. Babor and Alexander Lehrman, a of the 
City of New York. 1941. 662 P- $3.50 


Designed for students who have not necessarily had high school 
chemistry, this text is now in its third year with more than 100 
adoptions. 


GENERAL COLLEGE CHEMISTRY 


By Joseph A. Babor and Alexander Lehrman, College of 
the City of New York. Second Edition, 1940. 659 p. 
$ 


3.75. 


A complete revision of the first text to make extensive applica- 
tion of current views of atomic structure to the explanation of 
properties of the elements. Assumes some familiarity with high 
school chemistry. 


LABORATORY MANUAL FOR INTRO- 
DUCTORY COLLEGE CHEMISTRY 
By Joseph A. Babor and Alexander Lehrman 1941. 276 p. 


$1.75. 


A combined laboratory manual and notebook of about 100 experi- 
ments together with all the necessary cross section paper, table of 
logarithms, table of atomic weights, and the periodic table. 

More than 125 adoptions. 


EXPERIMENTAL GENERAL 
CHEMISTRY 
By J. W. Neckers and K. A. Van Lente, Southern Illinois 
State Normal University. 1941. 282 pages. $1.75. 


Now keyed to Babor and Lehrman’s Introductory College Chem- 
istry and to several other leading texts. Each of the 61 experi- 
ments is preceded by a “Preliminary Exercise” to be answered and 
handed in before the laboratory period. 


LABORATORY MANUAL FOR GEN- 
ERAL COLLEGE CHEMISTRY 
By Joseph A. Babor and Alexander Lehrman. Revised and 
reset 1940. 289 p. $1.75. 


Includes cross section paper, tables of atomic weights, and each 
of the 72 experiments consists of discussion, directions, problems, 
and a list of the apparatus and chemicals needed. 


ORGANIC CHEMISTRY 


By Nicholas D. Cheronis, Chicago City Colleges. 1941. 

(Third Printing), 728 p. $4.00. 
““A very good book. The author has thrown overboard the con- 
ventional approaches to the subject and treats open-chain and 
cyclic compounds together . . . after a very brief introduction in 
which the field is reviewed, the subject is developed in detail in a 
second presentation. Presentation sound, and refreshingly inde- 
pendent. Strongly recommended for serious consideration.’”’”— 
Journal of the American Chemical ii More than 100 
adoptions. 


PERKIN AND KIPPING’S ORGANIC 
CHEMISTRY 


By F. Stanley Kipping, University College, Nottingham, 
and F. Barry Kipping, Cambridge University. Third Edi- 
tion, 1941. 1029 p. $6.00. 

A standard of nearly half a century now offered in one volume. 
Recent additions cover: New compounds, new general reactions, 
and short references to modern, large-scale synthetical processes. 
Complete new chapters: chemistry of the steroids, and theory of 
resonance and its application to various types of organic com- 

pounds. 





CROWELL’S NEW : 
‘“HOW-TO-SOLVE”’ SERIES 


HOW TO SOLVE PROBLEMS IN GENERAL 
CHEMISTRY 

By Joseph A. Babor (C. C. N. Y.) and Chester B. 
Kremer (C. C. N. Y.) 

BB Pages. cccccccccccccccsccccccccccccececccece $0.75 


HOW TO SOLVE PROBLEMS IN QUALITATIVE 
ANALYSIS 

By Joseph A. Babor (C. C. N. Y.) and J. K. W. 
Macalpine (N. Y. U.) 

93 pages..... Cecccvecccccccccccccccccececceete $0.75 


HOW TO SOLVE PROBLEMS IN QUANTITATIVE 
ANALYSIS 
By Saul B. Arenson (U. of Cincinnati) 











THOMAS Y. CROWELL CO. 


432 Fourth Avenue, New York, N. Y. 
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WrirTscHaFTER. Minerals in Nutrition. 1942 175 pp $1.75 
Reinhold. 
Woopman. Food Analysis (4th Edition). 


McGraw-Hill. 


1941 607pp $4.00 


CHEMICAL ENGINEERING 


BapGER and BAKER. Inorganic Chemical Lectndeny (2nd Edi- 
tion). 1941 237 pp $2.50 McGraw-Hill. 

Butter. Fundamentals of Chemical Thermodynamics (Volume 
I). Elementary Theory & Electro-Chemistry (8rd Edition). 
1939 872 pp $2.10 Macmillan. 

Butter. Fundamentals of Chemical Thermodynamics (Volume 
II). Thermodynamical Functions. 1934 271 pp $2.30 
Macmillan. 

Green. Indusirial Catalysis. 1928 507 pp $12.50 Mac- 
millan. 

Gruss and Stevens. Chemical Technology of Petroleum. 1942 
733 pp $7.50 McGraw-Hill. 

IpatiEFF. Catalytic Reactions at High Pressures and Tempera- 
tures. 1936 786 pp $7.50 Macmillan. 

Keyesand Deem. Chemical Engineers’ Manual. 1942 221 pp 
$2.50 John Wiley. 

Lewis, Squires and BroucuTon. Industrial Chemistry of Col- 
loidal and Amorphous Materials. 1942 540 pp $6.00 Mac- 
millan. 

McApams. Heat Transmission (2nd Edition). 
$4.50 McGraw-Hill. 

Nexson. Petroleum Refinery (2nd Edition). 
$6.00 McGraw-Hill. 

Perry. Chemical Engineers’ Handbook (2nd Edition). 1941 
3029 pp $10.00 McGraw-Hill. 

Pierce. Chemical Engineering for Production Supervision. 1942 
232 pp $2.50 McGraw-Hill. 

Ruopes, T. J. Industrial Instruments for Measurement and Con- 
trol. 1941 573 pp $6.00 McGraw-Hill. 

VILBRANDT. Chemical Engineering. Plant Design (2nd Edi- 
tion). 1942 452 pp $5.00 McGraw-Hill. 

WEBER. Thermodynamics for Chemical Engineers. 1939 264pp 
$3.25 John Wiley. 

ZECHMEISTER, CHOLNOKY, BACHARACH, and ROBINSON. Princi- 
ples and Practice of Chromatography. 1941 326 pp $5.00 
John Wiley. 


1942 459 pp 
1941 715 pp 


INDUSTRIAL 


Appicxs. Silver in Industry. 1940 686 pp $10.00 Rein- 
hold. 

BaEza. A Course in Powder Metallurgy. 1948 $3.50 Rein- 
hold. 

Burns and Scuuu. Protective Coatings for Metals (A. C. S. 
Monograph). 1939 407 pp $6.50 Reinhold. 

Davis. Chemistry of Powder and Explosives (Volume I). 1941 
223 pp $2.75 John Wiley. 

Davis. Chemistry of Powder and Explosives (Volume II). 1943 
Approx. 310 pp $3.00 John Wiley. 

Davis and BLake. The Chemistry and Technology of Rubber (A. 
C.S. Monograph). 1937 941 pp $15.00 Reinhold. 

Eviis. The Chemistry of Synthetic Resins. 1935 1615 pp 
$20.00 Reinhold. 

Exuis. Printing Inks. 1940 560 pp $7.00 Reinhold. 

FrEAR. Chemistry of Insecticides and Fungicides. 1942 300 pp 
$4.00 D. Van Nostrand. 

Furnas, Editor (44 contributors). Roger’s Manual of Industrial 
Chemistry (6th Edition) (Two Volumes). 1721 pp 1942 
$17.00 D. Van Nostrand. 

Grecory. Uses and Applications of Chemicals and Related Ma- 
terials. 1939 653 pp $10.00 Reinhold. 

HeyrotuH. The Chemical Action of Ultraviolet Rays (2nd Edi- 
tion). 1941 961 pp $12.00 Reinhold. 

KLEMGARD. Lubricating Greases; Their Manufacture and Use. 
1937 872 pp $15.00 Reinhold. 


LeIGHOU and WaRNER. Chemistry of Engineering Materials (4th 
Edition). 1942 645 pp $4.50 McGraw-Hill. 
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MANTELL, Kopr, Curtis and Rocers. Technology of Natural 
Resins. 1942 506pp $7.00 John Wiley. 

Mark, H., and ProsKkaurr, E. S., Editors. Resins—Rubbers— 
Plastics (A looseleaf Monthly Abstract Service). 1942 
(About 600 pages per year) $35.00 per year (Binder $3.00) 
Interscience. 

MarrTIELLo. Protective and Decorative Coatings (Volume I). 
1941 819pp $6.00 John Wiley. 

MartrTIELLo. Protective and Decorative Coatings (Volume II). 
1942 658pp $6.00 John Wiley. 

a ye Industrial Solvents. 1939 487 pp $11.00 Rein- 

old. 

MEMMLER. Science of Rubber. 
hold. 

Reap. Industrial Chemistry (2nd Edition). 
$5.00 John Wiley. 

Rrecer. Industrial Chemistry (4th Edition). 
$5.50 Reinhold. 

Rosinson. Recovery of Vapors (2nd Edition). 
$4.75 Reinhold. 

SycKLinG (Formerly Thresh, Beale and Suckling). Examination 
of Waters and Water Supplies (5th Edition). 1943 Blakiston. 

SUTERMEISTER. Chemistry of Pulp & Paper Making (8rd Edi- 
tion). 1941 529pp $6.50 John Wiley. 

TURRENTINE. Potash in North America (A. C. S. Monograph) 
1 $3.50 Reinhold. 

Witson. Modern Practicein Leather Manufacture. 1941 744pp 
$9.50 Reinhold. 

WitHam. Modern Pulp and Paper Making (2nd Edition). 1942 
705 pp $6.75 Reinhold. 


1934 770 pp $15.00 Rein- 
19388 605 pp 
1942 861 pp 
1942 273 pp 
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ARENSON. Chemical Arithmetic (2nd Edition). 1941 130 pp 
$1.50 John Wiley. 

Besie. Manual of Explosives, Military Pyrotechnics and Chemi- 
cal Warfare Agents. 1943 139 pp $2.50 Macmillan. 

Burton and Kony. The Electron Microscope. 1942 233 pp 
$3.85 Reinhold. 

CRUMPLER and Yor. Chemical Computations and Errors. 1940 
247 pp $3.00 John Wiley. 

Davis. Empirical Equations and Nomography. 1943 210 pp 
$2.50 McGraw-Hill. 

Fotos and Bray. German Grammar for Chemists and Other Sci- 
ence Students. 1938 323 pp $2.25 John Wiley. 

Fotos and Bray. Introductory Readings in a and Tech- 
nical German. 1941 303 pp $2.50 John Wiley. 

Fotos and SHREvE. Advanced Readings in Chemical and Tech- 
nical German. 1940 304pp $2.50 John Wiley. 

Fotos and SuHREvE. Intermediate Readings in Chemical and 
Technical German. 1938 219 pp $1.90 John Wiley. 

GETMAN, FREDERICK H. The LifeofIra Remsen. 1940. 157 pp 
$2.50 Journal of Chemical Education. 

Grips. Optical Methods of Chemical Analysis. 
$5.00 McGraw-Hill. 

Grapy, Roy I., Joun W. Cuittum, e¢ al. The Chemist at Work. 
1940 422pp $3.00 Journal of Chemical Education. 

Grecory (Editor). Condensed Chemical Dictionary (8rd Edi- 
tion). 1942 756 pp $12.00 Reinhold. 

HENDERSON and Haccarp. Noxious Gases and the Principles of 
Respiration Influencing their Action (A. C. S. Monograph) (2nd 
Edition). 1948 294 pp $3.50 Reinhold. 

Hovucen and Watson. Industrial Chemical Calculations (2nd 
Edition). 1936 487pp $4.50 John Wiley. 

Jacoss, Morris B. War Gases, Their Identification and De- 
contamination. 1942 200 pp $3.00 Interscience. 

Kaicuevsky. The Amazing Petroleum Industry. 1943 $2.25 
Reinhold. 

Maver and Mayer. Statistical Mechanics. 1940 495 pp 
$5.50 John Wiley. 

Mess. Theory of the Photographic Process. 1942 1124 pp 
$12.00 Macmillan. 

MeE.LpRuUM and Gucker. Introduction to Theoretical Chemistry. 
1936 628 pp $3.75 American Book Company. 

Mever, Martin. The Science of Explosives. 1943 Crowell. 
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At the Detroit meeting of the American Chemical Society you will find on exhibit the 
following Holt texthoohs. We wrge you to condider them for class use and to let ud 


MODERN MODERN— 
CHEMISTRY PHYSICS 


(1942) (1943) 
y 


CHARLES E. DULL 
WHAT MAKES THESE BOOKS EASY TO TEACH AND EASY TO STUDY? 


Mr. Dull always keeps in mind the pupil’s point of view. 








He begins each new topic with some historical reference or 
some illustration from the pupil’s everyday experience. 





He uses simple language, and explains the most difficult con- 
cepts clearly. 





He provides a vocabulary of key words for each chapter. 





He solves at least one problem of each kind as a guide for the 
pupil. 


Richardson & Searlett: GENERAL COLLEGE CHEMISTRY 
For the full-year course. A complete revision of a standard text. 683 pp., $3.75. LABORATORY 





MANUAL, $1.60. 
BRIEF COLLEGE CHEMISTRY 


For the one-semester accelerated course. Not an abridgement of the above book, but an entirely new and 
shorter modern text on the same level of difficulty. 385 pp., $3.00. LABORATORY MANUAL, $1.30. 


Hogness & Johnson: QUALITATIVE ANALYSIS AND : 
CHEMICAL EQUILIBRIUM 


A successful text thoroughly revised, improved in organization and in the semi-micro laboratory tech- 
nique. 538 pp., $3.00. 


IONIC EQUILIBRIUM AS APPLIED TO QUALITATIVE ANALYSIS 


Contains the theoretical part of the above book. For teachers who prefer to use their own methods of 
analytical procedure. 306 pp., $2.00. 


Dyer: A PRACTICAL SURVEY OF CHEMISTRY 


For the cultural course. Skillfully combines theory and practical applications to give a clear under- 
standing of the essentials of chemistry and its place in everyday life. 480 pp., $2.80. 


Vosburgh: AN INTRODUCTION TO QUANTITATIVE CHEMICAL ANALYSIS 


For the introductory course. Concise and practical, emphasizing theory and an understanding of the 
principles of quantitative experimentation. 356 pp., $2.75, 


HENRY HOLT AND COMPANY 


NEW YORK CHICAGO SAN FRANCISCO 
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Miser. Principles of Photographic Reproduction. 1942 353 
pp $4.50 Macmillan. 

NATIONAL RESEARCH COUNCIL. 
pp $2.50 Reinhold. 

PaTTreRsON. French-English Dictionary for Chemists. 1921 
384 pp $3.00 John Wiley. 

PATTERSON. German-English Dictionary for Chemists (2nd Edi- 
tion). 1935 411 pp $3.00 John Wiley. 

PATTERSON and CaPELL. The Ring Index (A. C. S. Monograph). 
1940 661 pp $8.00 Reinhold. 

Pratt Institute. Industrial Camouflage Manual. 1942 130 pp 
$4.00 Reinhold. 

Ruopes, F.H. Technical Report Writing. 1941 
McGraw-Hill. 

STRONG, J., NEHER, H., WuHiTForD, A., CARTWRIGHT, C., and 
Haywarp, R. Procedures in Experimental Physics. 1938 
624 pp $5.00 Prentice-Hall. 

WEEKs, Mary Extvrra. Discovery of the Elements (4th Edition). 
1939 444pp $3.50 Journal of Chemical Education. 

Woop. Course of Practical Workin Agricultural Chemistry. 1942 
61 pp 90c Macmillan. 


Fatigue of Workers. 1941 165 


125pp $1.50 





Publishers Cooperating in the 
Combined Book Exhibit 


AMERICAN Book COMPANY 

88 Lexington Avenue, New York, N. Y. 
D. APPLETON-CENTURY COMPANY 

35 West 32nd Street, New York, N. Y. 
THE BLAKISTON COMPANY 

1012 Walnut Street, Philadelphia, Pa. 
Tuomas Y. CROWELL COMPANY 

432 Fourth Avenue, New York, N. Y. 
EDWARDS BROTHERS, INC. 

Ann Arbor, Mich. 
Ginn & COMPANY 

15 Ashburton Place, Boston, Mass. 
HARPER & BROTHERS 

49 East 33rd Street, New York, N. Y. 
Henry Hott aND COMPANY 

257 Fourth Avenue, New York, N. Y. 
HOUGHTON MIFFLIN COMPANY 

2 Park Street, Boston, Mass. 
INTERSCIENCE PUBLISHERS, INC. 

215 Fourth Avenue, New York, N. Y. 
J. B. Lippincott CoMPANY 

333 West Lake Street, Chicago, IIl. 
McGraw-Hit_ Book Company, INc. 

330 West 42nd Street, New York, N. Y. 
THE MACMILLAN COMPANY 

60 Fifth Avenue, New York, N. Y. 
OxFORD UNIVERSITY PRESS 

114 Fifth Avenue, New York, N. Y. 
PRENTICE HALL, INc. 

70 Fifth Avenue, New York, N. Y. 
REINHOLD PUBLISHING CORPORATION 

330 West 42nd Street, New York, N. Y. 
Joun S. Swirt & Co. 

5 East Third Street, Cincinnati, Ohio 
D. VAN NostRAND COMPANY 

250 Fourth Avenue, New York, N. Y. 
JouN WILeEy & Sons, INc. 

440 Fourth Avenue, New York, N. Y. 








NOT ONLY FICTION, BUT GOOD 


Technical BOOKS 


are also in demand by our men 


OUR MEN NEED 
* BOOKS « 


in the service. Give some of 
your good books to the 1943 
Victory Book Campaign. Leave 
them at the nearest collection 
center or public library. 

















MACMILLAN 


urges you to visit the Book Exhibit being held 
at the Masonic Temple in Detroit during the 
Spring Meeting of the American Chemical 
Society this year. Ask to see the excellent set 
of texts by HILDEBRAND, BRAY & 
LATIMER which are being found particularly 
well fitted for today’s basic chemistry courses; 
or the widely used general chemistry texts by 
BRINKLEY and HOLMES, adaptable to 
various types of courses; the outstanding new 
semimicro laboratory exercises for general 
chemistry by BURROWS, ARTHUR & 
SMITH; CONANT’S famous organic chemis- 
try texts; the popular qualitative chemistries 
by CURTMAN, and of course the long- 
standard qualitative chemistry by NOYES 
now in a revised 10th edition. You will also be 
interested in our many books in the various 
special fields of chemistry — the indispensable 
colloidal chemistry by LEWIS, SQUIRES & 
BROUGHTON, SHERMAN’S standard book 


on food chemistry, and many others. 


We especially call your attention to the following 
recent and forthcoming MACMILLAN titles. 


Published January 5th 
BEBIE: Manual of Explosives, Military Pyrotech- 
nics and Chemical Warfare Agents. 171 pp., 
$2.50 

Published January 19th 
BAWDEN: Man’s Physical Universe. 
EDITION. 832 pp., Ill., $4.00 


Forthcoming 
MacDOUGALL: Physical Chemistry. 
EDITION. Cc. 734 pp., Ill., $4.25 (probable) 


KOLTHOFF & SANDELL: Textbook of Quan- 
titative Inorganic Analysis. REVISED EDITION. 
c. 901 pp., Ill., $4.75 (probable) 


ROBERTSON: Laboratory Practice of Organic 
Chemistry. REVISED EDITION. 


REVISED 


REVISED 


THE MACMILLAN COMPANY 


60 FIFTH AVENUE NEW YORK 
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Editors 


N2 SOONER did the recently revised Occupational 
Bulletin No. 11 appear on college bulletin boards 
than rumor began to circulate that it didn’t really 
mean what it said. This is the sort of uncertainty and 
contradiction which is undermining our confidence in 
the ability of Selective Service to maintain the supply 
of technically trained workers. The implication is that 
while the present bulletin may be effective in deferring 
the induction of our underclass students of chemistry 
for a short time, there is little likelihood that they will 
be left in college to complete their courses. It is cer- 
tainly hard to blame students, under such circum- 
stances, for taking the earliest opportunity to get into 
those branches of the armed services in which they can 
be most content. 

Some feel that we are merely deceiving ourselves in 
supposing that we can keep up a supply of trained young 
men for industry in the fields of chemistry, engineer- 
ing, etc. But if we proceed on the assumption that we 
should train a certain number for this sort of civilian 
war service, there are just two ways by which we can 
go about it: either provide induction deferment so that 
they may proceed with their technical training on their 
own initiative, or provide for their training in the Army 
Specialized or the Navy Collegiate Training Programs 
and depend upon the Army and Navy then to release 
them for civilian service with industry. Washington 
has been for some time debating the relative merits of 
these alternatives, apparently with a much more 
implicit faith in the generosity of the armed services 
than is likely to be felt in most quarters. But whatever 
the conclusion reached, the debate, like too many in 
Washington, is likely to be useless. Even though 
Washington decides on induction deferment, it is not 
in a position to insist upon what it wants. Selective 
Service Headquarters admits that it is not ‘‘the doctor” 
but only the nurse; it can merely administer the treat- 
ment prescribed by public opinion. 

Public opinion, we are told, will never be content to 
see an eighteen-year-old student of chemistry remain 
in college for two years while the father of two children 
goes into the army. At first glance, there is sense to 
this; first glances, however, are not always very 
penetrating. In war time we cannot be continually 
stopping to settle the complaint: ‘‘Why is my job 
tougher than the other fellow’s?”’ Such a settlement 
would get us inevitably and hopelessly involved in 
trying to make everybody’s job easier than that of 
everybody else. 

First of all, we must decide whether, in actually carry- 
ing on this war, a few young trained chemists are more 
important than an equal number of second lieutenants 
of infantry or pursuit pilots. Indeed, many of us 
thought this question had already been decided; at 
least Selective Service seemed to be convinced of it 
when Bulletin No. 11 was issued. 

As a matter of fact, there is no necessity for any other 
machinery to handle this problem than already exists. 


209 


Outlook 


Selective Service has done a splendid job in this case 
as well as in many others. What is necessary is that 
every effort be made to persuade public opinion that 
experts have studied these matters and have reached 
the best all around conclusion. It should also be driven 
home that everyone is acting in good faith. Students, 
who seem to be coddled, are actually eager to get into 
action. They are not draft dodgers; it is generally 
difficult to convince them that they can best serve 
their country in a technical capacity. There is little 
glory in such a prospect. 


There is another point upon which public opinion 
must be educated, perhaps because we did not know 
ourselves exactly what the facts were. We have per- 
mitted the statement to go unchallenged that World 
War I was more of a chemists’ war than the present one. 
The fact is that World War I was a “‘chemists’ war” 
only by contrast. Chemical Industry in this country 
was only born in the din of the last conflict. We had 
to struggle so hard in those days to make up for our 
industrial shortcomings that we thought that the most 
important man on the horizon was the chemist—as in- 
deed he was. He was such a newcomer on the military 
scene that we were particularly conscious of his advent. 


But this time, we have the most powerful chemical 
industry in the world, thank goodness. Do we have any 
idea that it ‘“‘just grew,” like Topsy, or that it will keep 
itself going without any personal attention? We have 
taken it for granted that we lead the world in the 
production of motor fuels, lubricants, synthetic plas- 
tics, ceramic products, aluminum, magnesium and 
other metals, organic chemicals and dyes, and—shortly 
—varieties of rubber better than the natural. Who says 
this isn’t a chemists’ war? What sort of a war would 
it be if we didn’t have these things for which the 
chemist is personally responsible? This time the 
chemist doesn’t appear dramatic by contrast; he is the 
bottom man who holds up the whole pyramid. And 
now we are apparently wondering whether this bottom 
man is important enough for us to bother to provide 
him with a stand-in or two. 


The late Edgar Fahs Smith was one of the organizers 
of the Division of Chemical Education and one of the 
strongest sponsors of the JouRNAL. More than any 
other one person, he is responsible for the serious study 
of American chemical history. Many of his contri- 
butions were published in the JOURNAL in earlier years. 
Several of his biographical essays on American chemists 
were published privately, in limited editions, and are 
long since out of print. With the cooperation of Miss 
Eva V. Armstrong of the Smith Memorial Collection 
at the University of Pennsylvania, we are planning to 
reprint some of these in forthcoming numbers of the 
JOURNAL, and in this way to give them the wider cir- 
culation which they deserve. The first of these, on the 
life of John Griscom, appears on page 211 of this issue. 





Whati Been Going On 


T THE Detroit meeting of the American Chemical Society, 
April, 1943, an American source of rhenium was announced. 
A. D. Melaven (Chemical Warfare Service) and J. A. Bacon 
(University of Tennessee) have extracted potassium perrhenate, 
KReQ,, from flue dusts obtained in roasting molybdenite. 
The dusts contain in excess of one per cent rhenium. Since the 
supply from Germany was cut off, rhenium compounds have 
disappeared from the American market. Sufficient material 
is now available to warrant small-scale production. 

J. W. Vogt and L. J. Wood (St. Louis University) have demon- 
strated that when (a) CsCl and KBr and (b) CsBr and KCl 
are heated below the fusion temperature, equilibrium is reached 
according to the reaction: CsCl + KBr 4 CsBr + KCl. The 
compounds were identified in the equilibrium mixtures by 
means of x-ray analysis. 

F. R. Dunkerley and H. Seltz (Carnegie Institute of Tech- 
nology) have prepared pure crystalline WC, TiC, and WTiC, 
by dissolving the constituents in either molten aluminum or 
molten nickel at 2000°C. WTiC2, thus formed, consists of 
beautiful metallic crystals with extreme hardness. 

In the December 26, 1942 issue of Nature,! Walter Minder 
of the Radium Institute and Alice Leigh-Smith of the Réntgen 
Institute, Berne, Switzerland, add support to Minder’s previous 
claim to the discovery of element 85. Thorium emanation ejects 
an alpha particle to form Thorium A, atoms of which seem to 
disintegrate in two ways—the majority emit alpha particles but a 
small percentage evidently emit beta particles. The product of 
the beta ray process is an atom of element 85, which is also beta 
ray active and is converted to an isotope of radon. Miéinder’s 
claim to the discovery of element 85 has been disputed by Hulubei 
and Canchois? who claim to have discovered it earlier among the 
products of disintegration of radon. The earlier claims were 
reviewed in this column in 1940. 

R. B. Barnes and D. J. Salley, of the American Cyanamid 
Company, recently published‘ a method of determining the 


1 Nature, 150, 767 (1942). 

2 Compt. rend., 210, 696-7 (1940). 

3 TuIs JOURNAL, 17, 498 (1940). 

4 Ind. Eng. Chem., Anal. Ed., 15, 4 (1943). 


quantity of potash in a fertilizer which depends upon the measure- 
ment of the beta ray activity of the natural radioactive isotope 
teK. The radiation is weak but is measurable by extremely 
sensitive modern physical instruments. The sample is dis- 
solved and introduced into a special glass cell which surrounds 
a Geiger-Miiller counter. The determination takes a relatively 
short time compared to the usual laborious methods. L. S. F. 

An invisible ‘‘raincoat’”’ which can be formed on cloth, paper, 
and many other materials by exposing them to chemical vapors 
from a new compound, thereby making them water repellent, 
has been developed in General Electric’s Research Laboratory 
at Schenectady, N. Y., by Dr. Winton I. Patnode who is study- 
ing many possible uses of this new method of waterproofing. 

Called Dri-Film by the G. E. Electronics Department which 
will market the new compound, one of its most important uses 
so far is the treatment of ceramic insulators for radio equipment 
being made for the armed forces of the United States. It is 
about nine times more effective than the wax used at present 
as a water repellent, and its results are permanent. 

Dri-Film is a clear liquid composed of various chemicals which 
vaporize at a temperature below 100°C. Articles to be treated 
are exposed, in a closed cabinet, to the vapors for a few minutes. 
Then they are taken out and, if necessary, are exposed to am- 
monia vapor. This is to neutralize corrosive acids which may 
collect during treatment. 

This ‘‘raincoat”’ is so thin that its structure cannot be deter- 
mined by chemical analysis. It cannot be seen under a high- 
powered microscope. But, whatever its nature, it prevents 
water from spreading to form a continuous film. If moisture 
does collect, it is in the form of small isolated drops. 

Another use for the new compound is a laboratory one. The 
surface of water in laboratory glassware, such as measuring 
cylinders and hydrometers, is ordinarily curved, low in the 
center, because the liquid wets the walls and tries to climb 
them. Such a curved surface, or ‘‘meniscus,’’ is prevented 
if the inside of the container is treated with the water-proofing 
vapors from Dri-Film. Then the water surface is flat and its 
height may be read more easily. 


A Method for Producing Electrolytic Gas 
AMASA F. WILLISTON, B. M. C. Durfee High School, Fall River, Massachusetts 


IN DEMONSTRATING the very explosive char- 
acter of electrolytic or detonating gas, the mixture of 
hydrogen and oxygen produced by electrolysis of a 
water solution of sulfuric acid, the gas is often collected 
in a very thin glass flask and exploded by an electric 
spark. This requires considerable care, some protec- 
tion against flying glass, and is bothersome. Another 
method of collection is to pass the gas into a soap solu- 
tion and ignite the bubbles of gas witha match. There 
is often trouble in this case because traces of acid de- 
stroy the soap bubbles, unless the gas is carefully 
washed with water and sodium hydroxide solution. 

A very simple method of avoiding trouble and com- 
plicated apparatus is the following: use a 3-neck 
Woulfe’s bottle of suitable size, 200 to 500 ml. In the 
two outside openings put the two electrodes from a 
source of direct current, making sure that the stopper 
carrying each electrode fits gas-tight. In the center 
opening place a stopper carrying a short right-angle 


bend. To the glass tube attach a piece of rubber 
tubing just long enough to reach the bench on which 
the bottle rests. In a 3-inch mortar to a depth of 
about 1 cm., place a soap solution. 

Fill the bottle with a solution of sodium hydroxide 
to within about 1 cm. of the center neck, so as to reduce 
the volume of air above the solution to a minimum. 
Place the tube tightly in the center opening and turn 
on the current. Allow enough time for the gas pro- 
duced to displace the air in the tube and bottle, then 
rest the end of the rubber tube on the bottom of the 
mortar beneath the soap solution. In a short time, 
about 1 to 2 min. with the current delivered from a 5- 
volt rectifier, the mortar will be two-thirds filled with 
small bubbles of electrolytic gas. 

Shut off the current, set the generator aside, and 
remove the center stopper as an additional safety 
measure. The bubbles may be easily ignited with a 
match held in a pair of crucible tongs. 
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John Griscom, Chemist, 1774—1852 


EDGAR FAHS SMITH 


MONG the “Fathers of Chemistry in America,” 

the subject of this sketch stands out prominently 

as a teacher. Teaching was his vocation. He had 

great success in it, and was humbly proud of the fact; 

at least, one would so infer from the little unguarded 

remarks made at moments when his efforts called forth 
public approval. 

Most chemists adopt their science fairly early as a 
life-calling; and, as a rule, have enjoyed excellent 
preparation for their duties; so that as one learns of 
Griscom’s introduction in the science he dearly loved, 
and which he taught with such enthusiasm and success, 
there comes the thought that Griscom was an excep- 
tionally courageous soul. 

For natural philosophy he had great fondness and 
from his meager earnings sent money— 


to England for an assortment of apparatus; 
when this arrived— 
there was great pleasure. 


Again, it was but a step from experimental philos- 
ophy to chemistry in which, he wrote— 


he was always deeply interested. 


He had no instructor to guide him in this science, but 
his interest in it continued in thought, and was made 
more intense on reading in— 


my foreign reviews—that is magazines—a very flattering account 
of Dr. Henry’s Epitome of Chemistry, a small book, described as 
rendering the science easy,— 


and he was further elated on discovering that this 
little volume was to be published in Philadelphia, 

with the consequence, that on its appearance, he 
procured it, read, pondered, studied, but all in vain, 

and then disconsolately added— 


I reluctantly gave it up, and concluded that chemistry was out 
of my reach. 

At that time.Griscom was twenty years old and 
teaching with unusual success in the little, very attrac- 
tive and ancient town of Burlington, N. J., where he 
reveled in the volumes of the town library, with ac- 
quaintances and friends from— 


the most respectable and wealthy inhabitants. 


Griscom was his own instructor in many departments 
of learning, and tho’ much occupied, his fame as a 
master gradually— 


extended to distant places. 


And it was to a patron, residing at a distance, whose 
two sons had been enrolled in the school, that American 
chemists are indebted, because it was this patron who 
set Griscom definitely in the ranks of the devotees of 
chemistry. As the story is most interesting it may be 
best recited from the pages of Griscom’s own diary. 

In the course of conversation his patron incidental- 
ly remarked— 


“Why have you not studied chemistry?” 


when Griscom answered, 


“T have tried and can make nothing of it.” 


He said, 


“Strange. It is the easiest study in the world, the most de- 
lightful.” And I asked,— 
‘Well, how must I go to work?” 


He replied, 


“Just read. It is as plain as daylight.” 


And I added, 


“But I have read and I did not find it so.” 


Whereupon he remarked, 


I will lend thee a book. Read that and then 


“Never mind! 
report to me.” 

On his next visit he brought me Lavoisier’s Chemistry, with 
numerous plates, translated by Kerr. I read with the utmost 
delight, understood everything clearly and found it the most 
interesting pursuit I had ever engaged in. All was easy, plain 
and extremely interesting, so I resolved to procure some appa- 
ratus. Wrote to England. Went to Philadelphia and attended 
a lecture by Dr. James Woodhouse, Professor in the University. 
Was astonished at his experiments and sought his acquaintance. 
He gave me a small book of his own describing numerous experi- 
ments, and I immediately went to work. My London corre- 
spondent wrote me, sending the apparatus I had ordered and also 
a copy of Dr. Henry’s Chemistry, greatly enlarged and better 
arranged, with plates, and far more complete as a treatise even 
than Lavoisier. It was perfectly intelligible and delightful. 
Soon after this followed the ‘‘Conversations on Chemistry” by 
Madame Marcet, and then Accum’s Chemistry, printed on paper 
made of straw. I was fairly set up and had full employment for 
all my leisure hours. One of the front rooms of my house was 
converted into a laboratory and I performed successfully every 
experiment within the reach of my materials. The more ad- 
vanced pupils were taught chemistry, perhaps for the first time in 
any of the common schools in that part of the United States, at 
least. 


The account of the preceding training in chemistry 
has a primitive note to it. The perusal of its descrip- 
tion may provoke a smile because of its simplicity. 
Upon reflection, however, that Griscom repeated all 
the experiments given in Woodhouse’s guide, as well as 
many others offered by Henry, the conclusion cannot 
be escaped that he was following a modern thought in 
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that he employed the laboratory method and did not 
restrict himself to the mere reading of standard texts 
on the subject. That he learned to know ‘‘Conversa- 
tions on Chemistry” is also interesting. It was this 
little text which—falling into the hands of Michael 
Faraday—gave him or aroused in him a desire to know 
experimental science. Who can say but that it may 
have also reacted similarly upon Griscom. Again, 
Accum’s volume brought to him an abundance of facts 
and theory. He stood upon a very solid foundation 
with the preceding volumes as his guides. And, it 
must be borne in mind that he laid stress on the actual 
laboratory exercises. They appealed to him as a begin- 
ner; and, with years of active experience, he acquired 
a skill and charm in the presentation of chemistry, 
beautifully reflected in the following lines from one 
who enjoyed him as a teacher: 


to enhance the gratification of his audience and the pleasure with 
which his appearance in the lecture room was always greeted, his 
effective, tho’ easy, colloquial style of delivery, and the evident 
satisfaction with which he himself always enjoyed the surprise of 
his auditory at each striking experiment, contributed not a little. 
As far as possible, every statement of scientific fact was illustrated 
by an experiment, with a tact and success rarely surpassed, to 
which his genial and benevolent smile lent an additional charm. 


Pictures like this suggest the pleasure one might have 
had in sitting under so inspiring a teacher as Griscom, 
and this pleasure is further augmented on hearing an 
auditor say: 


Dr. Griscom often reminded me of John Dalton, the founder of 
the chemical atomic theory; if to Dalton is justly due the high 
merit of discovery and elucidation, we are not to overlook the 
Herculean services which Griscom performed to advance the 
great study among our American youth. 


Assuming, now, that Griscom has been properly 
introduced to the reader, the following items will not 
be wholly devoid of interest. To begin, it may be read 
in Leed’s Almanac for 1694, that— 


it is now 11 years since Andrew Griscom built the first brick house 
in Philadelphia. 


The Andrew Griscom here referred to was the great- 
great-grandfather of John Griscom, who first saw the 
light of day at Hancock’s Bridge, in New Jersey, Sep- 
tember 27, 1774. Returning once more to the precious 
diary of Griscom one may read— 


I learned my alphabet without the aid of books.... At the 
age of six years I was placed in a school at Greenwich, Cumber- 
land County, N. J. In my twelfth year I was duly settled as a 
farmer’s son, and at fifteen my father regarded my services as 
equal in value to any of his hired men, but thinking it not right 
to neglect my education, I spent several quarters at Salem, N. J., 
where I acquired an imperfect knowledge of arithmetic. Milton’s 
Paradise Lost and Thomson’s Seasons were favorite books with 
me. In the year 1791, at the age of seventeen, some of our 
neighbours asked me to open a school for the instruction of their 
children. ’Twas certain I could write and cipher, too, but in 
reality as to my penmanship, although it might have been superior 
to that of Napoleon Bonaparte, it was awkward and clumsy. 
The place of my debut in the art of pedagogy was a log school 
house, about three miles from the town of Salem on the Phila- 
delphia road. 
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The success he had in this first venture led to his making 


teaching the business of his life, 


though he first entered himself as a pupil in the school 
incorporated by William Penn in Philadelphia. How 
long he might have continued there is problematical. 
This occurred in the year of 1793, when Philadelphia 
was visited by the dreadful yellow fever scourge. It 
was a sad and calamitous year. Griscom was seized 
by the fever on his homeward journey, but providen- 
tially recovered, and resumed the occupation of teach- 
ing, for invitations came to assume charge of a number 
of schools (1794) throughout the State, to terminate 
finally in Burlington where we first met him. With his 
acknowledged success there and his reputation in that 
locality further comments are superfluous, although 
mention may be made—that he was married in 1800— 


having met a very amiable and cultivated young woman. 


Marked man in education as Griscom had become 
it is not surprising that devoted friends should have 
sought for him a wider field for his abilities. He yielded 
finally to their importunings and accepted a call to New 
York City. This step was taken with misgivings on his 
part, though the initial success was quite good, but he 
was more or less annoyed by 


the activities of city life, 
and in the Diary there is recorded: 


As I had given a course of lectures on chemistry and had 
brought all the apparatus that I owned with me, my friends urged 
me to try the effect of a course of lectures in the city, no person 
having ever undertaken to introduce experimental chemistry as 
the object of popular instruction in New York. True, there was 
a Professor cf Chemistry in Columbia College and also one in the 
Medical School but their lectures had only occasionally been 
attended by outsiders. 


This project was eventually launched. It arrested 
public attention. The Evening Post lauded highly the 
course which Griscom gave and soon there was a dearth 
of space for the work, so a more suitable and better 
adapted building was sought, but not found; hence 
Griscom rented 


a portion of the graveyard attached to the Friends’ Meeting 
House on Liberty Street, at a rent of $100 per year and erected 
on it a substantial brick building 30 by 40 feet, two stories high. 
The upper room was a school room and a lecture room, and there 
he had a furnace, a pneumatic trough, cases for apparatus, etc., 
etc. The attendance in this school increased quite satisfactorily 
and it was popular in the best classes of society. He was led to 
make larger investments in apparatus, which was imported, as 
nothing of the sort was made in this country at the time. 


Thus engaged, an occurrence took place which re- 
sulted in enlarging the sphere of Griscom’s engagements. 
The Medical School of the City was the scene of a revolt 
among its professors, three or four breaking away from 
their associates, because they had become highly dis- 
pleased with certain actions of the Regents of the 
University, and therefore resolved to establish a new, 
distinct, and independent school. The reputation of 
Griscom as a teacher of chemistry was at this time very 
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firmly established; and, as might have been expected, 
he was solicited to take all students who might apply 
for a course in his special subject. 

The students who heard Griscom were so highly 
pleased that when the new Medical School was organ- 
ized he was invited to become the regular professor of 
chemistry. He did this. And the next forward move- 
ment on the part of the directors of the new school was 
to petition Queen’s College (Rutger’s College) to 
receive this group of medical men as the medical fac- 
ulty of Rutger’s College. They were accepted and on 
January 21, 1812, proceeded to act as a faculty. At 
the outstart the school had most gratifying success, 
but in a few years serious differences in policy and 
warring factions among interested groups caused aban- 
donment of the school to which Griscom belonged. 

Constant application to work, with no vacations, 
affected the health of Griscom. Having a corps of 
good and reliable assistants he surrendered to them 
some of his duties but continued to deliver (1817) a 
course of lectures on natural philosophy, including 
chemistry, exclusively for women. It was unusual, 
indeed, quite novel, and attracted great attention. It 
is said— 
more than 100 ladies from the most respectable families in New 
York were in attendance. 


In apartments of the old City Alms House of New York 
Griscom continued this course and other public lectures 
for years. There the most extensive and costly appa- 
ratus and cabinet, then owned in this country, were 
displayed and used, while merchants, mechanics, ap- 
prentices, professional men, women—all contributed to 


fill the benches. 
That it was the one absorbing topic of New York’s 
social world is justly concluded from the fact that— 


Fitz Green Halleck, the versatile poet of New York City, 
active at that time, in the gracefully flowing stansas of his 
satirical effort entitled ‘‘Fanny,” has commemorated one of those 
scenes and something of the character of those popular scientific 


gatherings: 


And, therefore; Iam silent. It remains 
To bless the hour the Corporation took it 
Into their heads to give the rich in brains 
The worn out mansion of the poor in pocket, 
Once ‘“‘The Oid Alms House,” now a school of wisdom, 
Sacred to Scudder’s shells and Dr. Griscom. 
She was among the first and warmest patrons 
Of Griscom’s conversationes, where 
In rainbow groups, our bright-eyed maids and matrons 
On Science bent, assemble,—to prepare 
Themselves for acting well, in life, their part 
As wives and mothers. There she learned by heart 
Words to the witches in Macbeth unknown,— 
Hydraulics, Hydrostatics, and Pneumatics, 
Dioptrics, Optics, Katoptrics, Carbon, 
Chlorine, and Iodine, and Aerostatics; 
Also,—why frogs, for want of air, expire; 
And how to set the Tappan sea on fire. 


These public lectures were of the University extension 
character, or put in the words of Silliman, the elder— 


they were long before the era of Public Lectures, and Dr. Griscom 
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and I may claim the honour of inaugurating a system which has 
since become almost universal in the United States. 


The years of Griscom in New York were full years. 
As a teacher, inspired almost, he never rested in his 
educational efforts, as he declared 


it appears reasonable to believe that there never was a period in 
the history of the world in which the importance of education was 
so universally felt. 


Animated with such views he launched the New York 
High School, the funds for which were 


raised by a scrip stock, in shares of one hundred dollars.... A 
Charter was granted by the Legislature... . The concerns of 
the School were under the direction of a board of Trustees chosen 
annually by the stockholders. 


The School was founded on the monitorial system, and 
as it is more in the light of a teacher of science, that 
this sketch of Griscom is concerned, persons who would 
wish to follow him in his great altruistic educational 
undertaking should consult ‘‘Monitorial Instruction: 
an address, pronounced at the opening of the New 
York High School, by John Griscom, New York, 1825.” 
It is a remarkable story in the history of American 
educational adventure. It clearly demonstrates the 
broad humanitarian character of Griscom whom his 
world recognized not only as an educator but also as 
an earnest philanthropist. The account of his endeav- 
ors in the organization of the House of Refuge and also 
in prison reforms further emphasize his love for and 
belief in the brotherhood of man. 

It was while conducting the High School that John 
Griscom was chosen professor of chemistry in the Rut- 
ger’s Medical College—the second attempt to launch a 
new home for medical instruction in New York, in 
regard to which Griscom wrote: 


My connection with both of the new schools was simply inci- 
dental to the fact of my being an independent teacher of chemis- 
try... . <A few of the Trustees of the High School demurred 
when they heard of my election, but I took the post and the 
chemical apparatus, etc., which was originally in the old Alms 
House and had been transferred to the High School, was now, 
in consequence of my election, placed in the new building. 


Further, in those New York days, although occupied 
with numerous problems Griscom found time to devote 
himself to literary pursuits. For example, he revised 
and edited Irving’s ‘Catechism of Practical Chemistry” 
(1829) which, in its American form, passed through a 
number of editions. ~ 

In 1833 he issued from Harper’s press an edition of 
“Letters of Euler on different subjects in Natural 
Philosophy, addressed to a German Princess.” The 
purpose of this endeavor was undoubtedly to advance 
science among American students, for in the preface 


he said: 


these letters will be read with great advantage by the young 
student, on account of the remarkable clearness with which the 
subjects are treated, the copiousness of the style, and its adapta- 
tion to the purpose of easy and familiar instruction.... These 
Letters. . . . designed*as they were for the benefit of a lady will 
predispose the ingenuous mind to the love of scientific truth. 
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John Griscom from youth was earnest and serious— 
all he did was seriously performed, and while the 
“Letters” were no doubt really relished by him the 
question obtrudes itself whether the students of 1833 
gloried in such depths as Euler was certain to carry them? 
Euler ran the whole gamut of experimental and theo- 
retical science, apt to precipitately turn from experi- 
ment to speculation without warning. In the ‘‘Letters” 
he discussed all manner of subjects; for, example, the 
“liberty of spirits” of which he said: 

It has in all ages been a subject of eager inquiry among philoso- 
phers, how God could have permitted sin to enter into the world? 
Had they reflected that the souls of men are beings necessarily 
free from their very nature, the controversy would have been 
easily settled. 


The “Letters” ‘“‘were deservedly considered as a 
treasury of science, adapted to the purposes of every 
common seminary of learning.” 

A line or two about Euler may here find place. A 
genuine lover of science, he struggled under most dis- 
couraging conditions to promulgate it wherever he 
chanced to be. He came to Berlin from Russia in 1741, 
and was soon presented to the queen-mother, ‘‘a prin- 
cess who took great pleasure in the conversation of 
illustrious men. She treated Euler with the utmost 
familiarity; but never being able to draw him into any 
conversation but that of muuusyllables, she one day 
asked him why he did not wish to speak to her. 
“Madam,” replied Euler, ‘it is because I have just 
come from a country where every person who speaks 
is hanged.” 

In 1926 Griscom supplied a ‘‘Vocabulary”’ of scien- 
tific terms to the New York Expositor, remarking that he 
considered it a no small recommendation to a work of this kind, 
when one reflects upon the growing attention to many of the 
liberal sciences which has marked the progress of education for 
several years past. 


Griscom’s acquaintance with the men of science in 
his day was extensive. His letters to and from them 
are fairly numerous. The one which follows is signifi- 
cant and must have been composed after hearing from 
Thomas Cooper. It bears the date 5-29-1832, Provi- 
dence, R. I. Griscom wrote: 

Our political horizon wears, at present, it must be confest, some 
threatening aspects. Dr. Cooper of Columbia, S. C. (un Anglais, 
thou knowest) has set the Southerners to calculating the value of 
the Union; and judging from the conduct of some of their great 
patriots at Washington. . . . they seem to calculate ‘‘that it is 
not worth so much as their own negroes, or the Cherokee lands, 
and talk of blowing the Union into ten thousand fragments.” 


All who have studied the life of Thomas Cooper will 
agree that he was the stormy petrel of the guild of early 
American chemists. Indeed, after he assumed the 
chair of chemistry in South Carolina College, and its 
presidency a little later, he gave much thought to 
economic and political matters. It was from that in- 
stitution that he issued his textbook on ‘Political 
Economy,” a work of merit and one of the earliest 
American texts on the subject. In an address made 
in Columbia by Cooper he first hinted at secession of 
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the Southern States. Indeed, he was a forerunner of 
John C. Calhoun in the matter of nullification. The 
political views of Cooper greatly grieved John Griscom. 

The Medical School and the High School having 
closed and the building having been abandoned, Gris- 
com, in the spring of 1832, attended a meeting of 
Friends at Newport, R.I. When the meeting ended he 
visited Providence— 


where I was quite agreeably occupied for a time, and then made 
an excursion to Boston. Later, having decided that it would 
cost about as much to support my family in Providence I took a 
position in a Friends’ Schoolin that city. A part of my chemistry 
apparatus followed me there and I soon conducted regular 
courses in Chemistry and Natural Philosophy. They were 
attended by all the students, by the teachers, superintendents and 
by friends and acquaintances in the City. 


His family, however, having been scattered by mar- 
riage and he now being alone, there came a longing for 
the centers he once frequented, so that he determined 
to return to Burlington, but— 


my two daughters and their husbands having moved (1826) to 
Haverford, Pa., I joined them... . I engaged to arrange and 
supervise the proof sheets for the Journal of the Franklin Insti- 
tute, which labor had been performed by Prof. Alexander Dallas 
Bache, prior to his proceeding to Europe as President of Girard 
College. It paid me about $250 a year, and continued for three 
or four years, furnishing occupation for a portion of almost every 
day. 


And it was not until the spring of 1841 that he left 
Philadelphia 


and took board in Burlington, N. J. 


American chemists cherish with pleasure the knowl- 
edge that chloroform was first made by the bleaching 
lime method by Samuel Guthrie in 1830, and in the 
notes of Griscom there occurs the statement that 
Guthrie sent him a bottle of a newly discovered liquid 
which he called “sweet whiskey;—a lively, healthful 
and reviving cordial, delightfully sweet and aromatic.” 

On the margin of Guthrie’s letter Griscom wrote these 
words: 


This is the first discovery of chloroform. 
bottle and found it to answer to the description. 


I received the 


Griscom was very familiar with foreign chemical 
literature. Indeed when Silliman’s Journal of Science 
began in 1818, he furnished the chemical abstracts and 
continued so doing for many years, which caused an 
ardent friend to write, that in the infancy of our 
Republic— 


scientific books of native production were few and of moderate 
quality, while chemical and philosophical apparatus was almost 
wholly unknown except by importation. Comparatively few 
students of nature were watching all that transpired abroad. . . 
in no direction were their eyes more steadily turned than towards 
France where Journals were teeming with the results of chemical 
researches. Happy then were they who could drink fresh from 
the fountain of its earliest outpourings. Griscom with his 
knowledge of French not only made the language subservient to 
his own private advantage but for years was the vehicle by which 
the improvements in science and the arts were drawn from 
foreign sources and distributed thro’ the literature and periodical 
writings for the benefit of his own countrymen. 
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And among the late entries in Griscom’s diary or 
autobiography is the following: 

I have some idea that I was the first to bring to public notice 
the efficacy of cod-liver oil as an article for the Materia Medica. . . 
I also lay claim to the first introduction of iodine into medical 
practice in this country. I had used it in the laboratory before 
its medical properties had been tried. These were first deter- 
mined by Dr. Coindet and his statement of its use in goitre I 
immediately called to the attention of Dr. Cook who was then 
visiting our neighbor Mrs. F. who had a large cervical goitre, and 
furnished him with iodine. He applied it with great success. 
It is a small merit, to be sure, to have been merely a trumpet 
blower—but old men love to talk. 


After departing from Burlington in 1841 it was to 
heed the call from Salem (N. J.)—where in 1843 he 
took up his lectures on chemistry. These proved even 
more popular than ever, for— 


My audience filled the Lyceum apartment regularly. 


were the words he wrote in the Diary. He was also 
pleased to acknowledge that 


my Philadelphia friends, Dr. Hare and Professor Bache of the 
University—offered to lend me any articles of apparatus that I 
might wish to have. 


No one would feel that Griscom’s life story was 
entirely narrated without an account of that trip 
abroad extending through one year—1818 to 1819; 
but the book was not published until 1823. It bore the 
title “‘A Year in Europe.” It consisted of two vol- 
umes, thick octavo, which, as the author remarked in 
the preface— 
may possibly startle the cautious reader, and induce him to infer 
that it either contains a great deal of fanciful speculation upon 
things hastily seen, or that it consists of a prosing detail of what 
most persons know; 


but of which Thomas Jefferson after a perusal of it said, 


the book gave him the most satisfactory review of the literary 
and public instruction of England, France and Switzerland that 
he had ever read and gave him fruitful hints in relation to his 
own University. 


And Silliman the elder wrote— 


It is interesting to this day for the personal sketches he gives 
of the distinguished men of science he met abroad. 


It was on the Pacific that Griscom sailed April 7, 


1818, and arrived May 8, 1818, in Liverpool. And it 


was on the 13th of May that a friend and he 


were conducted to the rooms of John Dalton, so well known for 
his acute and extensive researches in chemical science. We found 
the philosopher at his desk, surrounded by his books, his boxes, 
and his apparatus, chemical and philosophical, all in “delightful 
confusion.”’” His apparatus is very simple, and chiefly employed 
in experiments of research... . I breakfasted on the 5th, at Dr. 
Willian: Henry’s, in company with Dalton. The Doctor’s family 
being absent, he boiled the eggs for us himself, and treated us 
with great ease and kindness. The conversation of two men so 
deservedly distinguished for science, could not but be highly 
interesting. It turned upon certain points of chemical theory— 
chlorine, acidity, alkalinity, etc. They are neither of them entire 
converts to the new doctrine of chlorine. Dr. Henry, with whom 
I afterward dined, conducts a chemica!-manufactory, celebrated 
for the purity and perfection of the articles it produces. He very 
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justly noticed in the course of conversation, the reprehensible 
practice pursued in America, of counterfeiting, not only the 
products of British manufacture, the containing vessel, the label 
and directions, but also the signature and seal... . Dr. Henry 
is remarkably clever in his particular department. He is now 
preparing for the eighth edition of his Treatise on Chemistry, a 
work which has greatly contributed to extend the science, wher- 
ever the English language prevails. It has also been translated 
and published at Paris. 


At Sir Joseph Bank’s I met with Sir Humphrey Davy, 
a circumstance which I considered fortunate. From the just 
celebrity of his name, an interview with him was desirable. His 
person is rather below the middle size, his countenance open, his 
manners lively and animated, and his conversation flowing and 
vivacious. He obligingly gave me a note, which transferred to 
me, for the time being, his right of attendance at the reading 
room, library and lectures of the Royal Institution. 


: I gladly accepted an invitation of two of my friends, 
both Fellows of the Royal Society to go with them to a meeting of 
a committee of the society, which assembles annually at the Royal 
Observatory at Greenwich, for the purpose of inspecting the in- 
struments at that place, and reporting upon their condition. We 
met there about thirty persons, comprehending the most active 
and learned members of that body. Among them were Sir 
Joseph Banks, Earl Morton, Dr. Wollaston, Dr. Herschel, James 
Watt, Dr. Young, Sir E. Home, W. Allen, W. H. Pepys, C. Hatch- 
ett, W. Brande, Sir H. Englefield, Sir B. Hobhouse, and several 
other distinguished members of the society, with a few other 
persons of note in the republic of science. After proceeding 
through the several apartments of the observatory, and examining 
the instruments, the company adjourned to an inn on the banks 
of the river, and partook of an excellent dinner. 


From the age and growing infirmities of the President of the 
Royal Society, it is scarcely probable that he will again officiate on 
this annual occasion. I know not whether it was a sentiment of 
this kind, which induced the committee to propose his health, at 
the table, and to drink it standing, with nine cheers. He en- 
deavoured, with great modesty and firmness, but ineffectually, to 
prevent it; and afterwards jocosely said, that he feared the Royal 
Society was going crazy. The noise of this cheering, and of the 
general hilarity subsequent to it, did not, it is true, exactly com- 
port with the character of this learned society, and certainly 
formed a curious contrast with the grave formality of their 
meetings in Somerset House. 


At Cornwall we rode a few miles to see the process of smelting 
tin. The ore is mixed with one-eighth of its weight of coal, and 
heated in a reverberatory furnace; “and when the tine melts,” 
said one of the workmen, “‘we takes a rod or punch, and we taps 
the furnace, and it runs out into the basin, where it cool, and 
then we lades it out into the moulds.” 


In Paris, Adet, the former minister of France to the United 
States, called and took me to see Vauquelin, who, as one of the 
professors, resides in the Garden of Plants. He was not at home; 
but we had a long conversation with two sprightly old ladies, who 
live in the same house; both of them sisters of Fourcroy, the late 
celebrated chemist. One of them talked incessantly for half an 
hour; giving me a more complete specimen of female volubility, 
than I ever had before. Her subjects were all of a domestic 
nature, relating to individuals of their acquaintance; but her 
animation and fluency, went very much to confirm me in the 
opinion, that the French language is better than our own, to the 
rapid and easy movement of the organs of speech. The cele- 
brated Abbe Haiiy, also lives within the garden. We found him 
at breakfast. He received us with the greatest simplicity and 
ease, and, without ceasing to eat his fruit and drink his wine, 
began to converse about America and American mineralogists; 
and evinced a very familiar acquaintance with the peculiarities of 
the United States, in relation to his favorite science. He took 
me into his cabinet, and performed a number of experiments on 
the electricity of the tourmaline, and other crystalline substances. 
He is an old man, bending under the weight of years, but active 
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and persevering in his department, and of kind and affectionate 
manners. 

Adet called again this morning. We found Vauquelin at 
home, and had a pleasant conversation with him and the old 
ladies. He has a remarkably mild and agreeable countenance. 
Adet informed me, that Lavoisier’s death, (one of the darkest 
deeds of the Revolution,) was very much owing to his holding the 
station of farmer-general, an office against which the republicans 
discharged their most malignant venom. Had he been willing to 
take the advice of his friends, his life might have been saved; 
but relying on his own unblemished integrity, he persisted in a 
course of action which brought him to the guillotine. It isa fact, 
that Robespierre would not even give him time to finish an in- 
teresting experiment, by which he hoped to deduce an important 
chemical truth. 

I attended the Institute. The president for the day was de 
Rossel. The two perpetual secretaries, Delambre and Cuvier, sit 
on his right; and the vice-president, Vauquelin, on his left. The 
minutes and correspondence were read, and then several papers 
by the members; among which was one by Thenard. The sit- 
tings are wellattended. It was very interesting to see men whose 
names make so conspicious a figure in modern science, assembled 
at a board, which has done so much to extend the progress of use- 
ful discovery and improvement. Some of them are very old, 
particularly Haiiy, Lamare, Lacepede, and Berthollet. 

In the course of this day’s round, I was introduced to Thenard, 
the able professor of chemistry in the College of France. We 
found him in his laboratory, engaged in experiments. He stated 
to us some discoveries he had just made, relative to the super- 
oxygenisement of acids, by means of Barytes, and the evidence of 
the discharge of the additional oxygen, by the agency of silver. 

I spent the greater part of the next day in the lecture room of 
Charles, an old and veteran professor of philosophy. He has 
been engaged nearly thirty years, on collecting apparatus, and in 
delivering lectures. Though upwards of seventy years of age, 
he is still an active man, and a good lecturer.... He performed 
a variety of experiments, on light and electricity, for our amuse- 
ment. 

M called this morning, and went with me to see Professor 
Berzelius, of Stockholm, who has lately arrived here with the 
Swedish minister. He is rather a young man, of open and pleas- 
ing address, and of social,easy manners. Wespentan hour anda 
half with him in conversation, on subjects of science. He showed 
us a portion of the new metal called by him Selenium, and ex- 
hibited to us some of its properties, by the blow-pipe. He carries 
with him a neat collection of instruments, for the analysis of 
minerals in the dry way, done up in a folding leather case of small 
compass. He intends to remain in Paris all winter. 

I received a visit in my room from Gay-Lussac. He isa much 
younger man than his reputation would have induced me to 
expect. His person and manners are interesting, and his talents 
as a chemist and philosopher, of the first order. 

At Geneva we called on Dr. Marcet, and were introduced to his 
wife, known as the very sensible and judicious author of ‘“‘Con- 
versations on Chemistry”.... ’ 

I attended a lecture by Professor Pictet on galvanism. He 
conducts his course with little apparatus, and that which he does 
use, belongs mostly to himself; the college not being in a condi- 
tion at present to provide itself with instruments. He was there- 
fore obliged, in illustrating the facts of galvanism, to use diagrams 
drawn on a blackboard with chalk. A board of this kind covers 
the professor’s table. Its surface is preserved by a folding lid or 
cover, which is fastened by a lock. He did not enter much upon 
the theory of galvanism. He showed the students Dr. Wollas- 
ton’s miniature battery, and the eagerness with which they en- 
deavoured to see and comprehend its action, sufficiently evinced 
the advantages of experimental illustration, over a mere verbal 
definition, however correct and elaborate.... The lecture room 
of the professors (the same room serving most, or all of them) is a 
very indifferent one. 

Paris, Nov. 30. I attended the Institute today, and had once 


JOURNAL OF CHEMICAL EDUCATION 


more the pleasure of an interview with Berthollet, Gay-Lussac, 
Thenard, Chaptal, and Berzelius. 

Baron Cuvier, the distinguished naturalist, is, in one sense, or 
indeed more than one, the Sir Joseph Banks of Paris.... Heis 
of opinion, that the science of France is more profound than that 
of England, but is not so generally diffused. . . . Conjointly 
with Gay-Lussac, he delivers a course of lectures on natural and 
experimental philosophy in the College of France... . Professor 
Cuvier is one of the perpetual secretaries of the Institute. There 
are few men who have ever attained to a higher reputation in 
natural history than he. 

Dec. 12, 1818. After filling up the morning of the 30th of 
November with an attendance of lectures, and a visit to the 
Institute, I joined Berzelius and Thenard in a dinner party at Gay- 
Lussac’s. He is professor of natural philosophy (physique) con- 
jointly with Biot, in the College of France, and of chemistry in the 
Polytechnic School. His professorships are worth 9,500 francs. 
He is, besides, employed by the government, as an inspector in 
the manufactory of gun-powder, and is one of the editors of the 
“Annales de Chimie,’ a monthly journal of extensive circulation. 
His talents for experimental investigation, and logical deduction, 
are of the first order, and there are few persons, to whom modern 
chemistry is more deeply indebted. His age, which I should 
judge to be about forty, is far behind his reputation as a philoso- 
pher.... Theremark I have made, with respect to the scientific 
merits of Gay-Lussac, apply, with nearly the same force, to the 
other two gentlemen, last named. The authority of Berzelius in 
chemistry, particularly in the laws of inorganic matter, is de- 
servedly very high. As a mineralogist, he is, probably, much 
superior to either; asa physicien, in the French sense of the term, 
he is doubtless much below Gay-Lussac. He enjoys a high con- 
sideration in the French Institute, (or Royal Academy of Sci- 
ences,) and is one of the chief secretaries of the Swedish Academy. 
Thenard has less acumen, and his mind is less vigorous than 
either; but he is patient, laborious and judicious. He has done 
much for experimental chemistry, and is the author of a treatise, 
which bids fair to become a standard in the chemical schools of 
the continent. He fills his station, as professor of chemistry, in 
the college of France, with much ability. His papers before the 
institute, are listened to with lively interest and attention. The 
union of three such men, at a private dinner table, was a treat, 
which needed not the stimulus of French cookery, refined and 
excellent as it is, to render it highly agreeable... . As the per- 
sons named were, with myself, the only guests, we conversed 
occasionally upon the merits of English chemists. I was sorry 


‘to find, that on this topic, national prejudices were more obvious, 


and candour less apparent, than I could well have imagined from 
men who have nothing to fear from the exaltation of others. . . . 

Jan. 3. Ispent half an hour this morning with Count Chaptal. 
The deep interest which he takes in the progress of manufacturing 
industry in France, and the scientific skill and personal effort he 
has exerted to promote the chemical arts, are well known. Al- 
though his name is associated with that of Lavoisier, and many 
others, as the founders of modern chemistry, he has not the ap- 
pearance of an old man. His figure is athletic, and his physiog- 
nomy indicates judgment and application. He spoke heartily of 
America, and was lavish in his praises of Washington. He once 
received a letter from him, and was much gratified with the senti- 
ments it contained. He assured me that his manufactory of sugar 
from beets is still profitable. He carries it on, I believe, upon a 
large scale. The residuum of the root, after the juices are pressed 
out, is very advantageously used in fattening cattle. He showed 
me a loaf of the sugar, which, in colour and taste was equal to the 
best cane sugar, equally refined, 

Jan. 5. Berthollet, whose name is so eminent as one of the 
most scientific reformers of chemistry, has long resided at Arceuil, 
a considerable village about three miles south of Paris. He en- 
joys an ample fortune, and lives in a style of realelegance. I met 
at his table today Professor Brogniart. His treatise on miner- 
alogy and geology is much esteemed in England and America, as 
well as on the continent... . 


Berthollet has long held the title of Count. Though advanced 
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in age, he generally attends the sittings of the Institute, and takes 
an active share in its duties. He has a good private laboratory, 
which still serves to amuse him. . . 


In the School of Medicine in Paris, Griscom heard 
various professors and noted that 


Chemistry in the Medical School is taught by Vauquelin and 
Deyeux. Of these, I heard only the former. He has been long 
distinguished as superintendent in the art of chemical analysis. 
To his patient and ingenuous labours, continued from the dawn 
of modern chemistry, to the present time, the science is deeply 
indebted. His voice and delivery are too feeble and indistinct 
for a good lecturer, and his innate and characteristic modesty 
prevents him from making those exertions which can alone secure 
the whole attention of his audience. He is assisted by an able 
operator, whose experiments constitute much of the attraction 
to this part of the medical course. 

Thenard is the chemical professor in the college of France. He 
delivers also a popular course in a room of the old college de 
Plessy, Rue St. Jaques, an apartment badly calculated for so im- 
portant a purpose. The room is too small, and has but few con- 
veniences. It is generally filled to overflowing nearly half an 
hour before the lecture commences. Thenard, on the whole, is an 
able professor. His-style is plain. He sometimes aspires to 
elegance, but does not always succeed, even to his own satisfac- 
tion. I have known him, after having nearly finished a sentence, 
stop, and after saying, with apparent vexation, ‘‘Gentlemen, I 
express myself badly,”’ begin the sentence again, and go over the 
explanation more to his liking. There is rather less evidence of 
taste and genius in his style of lecturing, than in that of some of 
the others, but he is well acquainted with his subject and stands 
remarkably well with his class. : 

Gay-Lussac lectures in the same room, but on different days. 
His province, in this college, is natural philosophy, (physique). 
There is, perhaps, greater anxiety to hear him, than Thenard. 
He is, in all respects, an able professor, except that his utterance 
is too rapid for the clear comprehension of some of his auditors. 
He enters into the spirit of his matter and evinces a profound ac- 
quaintance with the principles of experimental science. He uses 
very short notes, mere memoranda of the division of his lecture. 
His manner is sufficiently animated, though he confines himself 
very closely to his text. His language is precise and correct, but 
it does not lay claim to eloquence. He is quick in his percep- 
tions, and rigid in his deductions. He is a man of undoubted 
genius, and is excelled by very few either as a philosopher or lec- 
turer. I regretted, however, to find that even with the two last 
named very popular teachers, national prejudice had so undue a 
hold upon their minds, as to make its appearance in the lecture 
room. There was an obvious and continued effort to refer the 
great discoveries in science, as far as it could possibly be done, 
even by a strained construction, to a French origin. 

Among the numerous private teachers of science, the most 
popular, in chemistry, is Dr. Orfila, a professor of very consider- 
able merit, who is accordingly attended by a numerous class, 
notwithstanding that his room is in a close, dirty part of the town, 
the ascent to it up three pair of stairs, narrow and crooked, and 
the room itself, in a garret, coarse and inconvenient. Orfila, as 
far as his knowledge extends, is a perspicuous and impressive 
lecturer. 


Dec. 29, 1818, Griscom went to the Teylerian Mu- 
seum in Haarlem,— 


Thither I went and was admitted into a front room, and, after 
waiting a considerable time, an elderly man came in with the air 
and dress of a philosopher who had just been engaged in his 
laboratory. I was highly pleased to find, upon a mutual explana- 
tion, that it was Van Marum himself... . He told me that it 
was past the hour for visiting the museum; but if I would wait 
until he changed his dress, he would gladly take me toseeit.... 

The Teylerian Museum is a building of moderate size. The 
collection consists, chiefly, of philosophical instruments, minerals 
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and books. ... The instruments are kept in good order. The 
large electrical machine, which, in the hands of Van Marum, has 
done much towards the advancement of electricity is also in this 
room. It consists, as is well known, of two plates, each five feet 
in diameter, which revolve together against cushions. It was 
cased in a wooden frame, so that I did not see the plates. They 
were probably, as I concluded, either broken or injured. The 
battery contained 550 square feet of surface. This has been, I 
believe, the most powerful electrical machine ever erected. A 
magnet in this collection sustains a weight of 290 pounds. The 
room is lighted from the roof... . 

I parted with this philosopher, under a mutual wish, that be- 
tween our respective countries and cities there might be a more 
frequent intercourse in relation to the discoveries and fruits of 
science. 

Jan. 1,1819. At Leyden. Dr. Brugmans conducted me to his 
laboratory, where I had the pleasure of seeing the furnaces, 
alembics, and other instruments of the great Boerhaave, and of 
standing on the very spot, whence he delivered his learned in- 
structions, to audiences assembled from almost every portion of 
the civilized globe. The lecture room is not large, but it is kept in 
good order. 

In the church of St. Peter, Leyden, are the monuments of 
Boerhaave and Camper. The inscription on the former is ad- 
mirable in its simplicity: 

Salutifero Boerhaavii genio sacrum. 


London—the ‘‘Mart of all the earth.” . . . I have already 
mentioned Dr. Marcet’s wife, as the author cf the popular work, 
entitled ‘‘Conversations on Chemistry.’’ It was written, as she 
informed me today, just after her marriage, and before the birth 
of her children, of whom she has two, both daughters, about ten 
and eight years of age. She possesses a strength of understanding 
much above mediocrity, as her conversation, as well as writings, 
bear sufficient testimony... . Dr. Marcet has a neat chemical 
laboratory in his own house. He accompanied me in the evening 
to Sir Joseph Banks’, where we found a numerous and agreeable 
company of the savans of the metropolis and other places. Dr. 
Wollaston was, as is very common, one of the number. Few 
philosophers of the present day stand higher in the scale of scien- 
tific merit. His physiognomy is indicative of great acuteness, as 
well as strength of reflection. 

I have several times attended the lectures in the Royal Institu- 
tion, since my return to London, as well as on one or two occa- 
sions, during my first visit. This institution appears to occupy 
what has formerly been two spacious dwelling houses. It is 
situated in Albemarle Street, a pleasant part of the west end of 
the town. The chemical laboratory, in the basement story, is 
exceedingly well constructed. Adjacent toit isan arrangement of 
seats for private lectures, and in an apartment on the same floor, 
is the grand galvanic battery, which has been so powerful an in- 
strument of discovery, in the dexterous and skilful hands of Sir 
Humphrey Davy. It contains about 3000 double plates, ar- 
ranged in troughs of Wedgewood porcelain. 

The theatre or principal lecture room, is semicircular, and will 
accommodate 700 persons, with a gallery around it, which will 
hold 200 more. The chemical lectures are delivered by Professor 
Brande, who, considering the difficulty of the path which he had 
to tread, in consequence of the extraordinary ingenuity and elo- 
quence of his predecessor, sustains the reputation of his depart- 
ment with great credit. The number of his auditors, when I have 
attended, has been about 200, more than half of whom were fe- 
males, apparently of the most respectable classes of society. The 
chemical and philosophical apparatus is of the first order, and the 
experiments are, accordingly rendered particularly attractive. 


Of Dr. Hope in Edinboro, Griscom said: 


Dr. Hope’s new lecture room will afford superior advantages to 
his class, already more numerous than any class I saw on the con- 
tinent. His style of lecturing, is remarkably free from any 
strained attempt at wit or ornament; but his enunciation is dull, 
distinct, and intelligible; he says nothing more than what it is 
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important that he should say; but he says enough to render his 
subjects perspicuous to his auditors. His superiority principally 
consists in the dexterity of his manipulations, and the uniform 
elegance and success of his experiments. To this part of his 
subject, he pays the greatest attention, sparing neither time nor 
expense in his preparations. Indeed, with all the well devised 
apparatus, and the example of his eminent predecessor, Dr. 
Black, and the facility with which any additional instrument can 
be procured in this city, it might be expected, that the professor 
of chemistry, in this university, would feel an ambition to excel 
in the excellence of his courses of instruction. It is Dr. Hope’s 
merit, that he does feel this ambition, and hence his efforts are 
attended with complete success. Whatever may be alleged with 
respect to his want of genius, he bas enough to give his subject a 
full and masterly elucidation,—enough to satisfy all the reason- 
able desires of his class; and more than this, however it might 
extend his reputation as a philosopher, would, in all probability, 
tend to diminish his qualifications as a teacher. Wherever Dr. 
Hope has chosen to enter the field of research and investigation, 
he has shown himself not deficient in the power of discrimination, 
or the sagacity which leads to useful discovery. 

I spent the evening with Dr. John Murray, and have several 
times heard him in his lecture room. This eminent chemist, has 
been for several years in such bad health, as seldom to venture 
out of doors. He passes, by a covered way, from his chamber to 
his lecture room, and spends no more time in his laboratory, than 
is absolutely unavoidable; depending chiefly upon his assistants, 
for the requisite preparations. Dr. Murray’s lectures and publi- 
cations, have contributed very considerably to the scientific emi- 
nence of his city. Notwithstanding the popularity of the col- 
legiate course of chemistry, he has always been attended by a 
respectable class; and few men, who have ever filled a chemical 
chair, have exceeded him in the perspicuity of his views, and the 
acuteness with which he examines the prevailing theories of the 
science, 

I dined today with Dr. Hope, who resides with his brother in 
Queen Street... . Dr. Hope was the first in Great Britain, who 
taught the reformed chemistry. He was at Paris thirty years 
ago, and dined, as I did, with Berthollet. Heisabachelor.... 


The entire book is fascinating. The observations 
on industrial plants and processes are more absorbing, 
but the period set for the close of this scientific jaunt 
had come; accordingly the earnest student and master 


returned to America on the Albion, May 2, 1819. 


Throughout the preceding paragraphs Griscom, 
the inspiring and superb teacher of chemistry, is empha- 
sized. He did not engage in research, for only two 
contributions which might be so designated have been 
found; one relating to meteorological observations and 
the other, published in the first number of Bruce’s 
Mineralogical Journal, to results of the analysis of cer- 
tain waters. Yet he trained hundreds of investigators 
in his favorite science and himself fully perceived its 
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vast importance to the arts, to medicine, and to the 
great business of life, so that he was tireless in spreading 
a knowledge of it. For thirty years in New York City 
he was the acknowledged head of all other teachers of 
chemistry and its great expositor. 


He had the satisfaction to see the rewards of his great toil in the 
progress of the science among us. His calm spirit, his deliberate 
and grave utterance, his exact diction, the simplicity of his man- 
ner and his unostentatious life, were the characteristics which 
marked him. He was cherished with regard by every order of 
students. 


Griscom was twice married. His first wife passed 
away April 3, 1816, and twenty-seven years later he 
entered into a life enduring union, with Rachel Denn, 
December 13, 1843. 

It was about 1830 that Union College crowned him 
with its highest academic wreath of honor—the degree 
of Doctor of Laws. He was more than once offered 
and even urged to accept the honorary degree of Doctor 
of Medicine, but uniformly declined, believing that it 
was not justified. : 

Griscom was an exemplar of the venerable Society 
of Friends to which he was most devotedly attached. 

After years of unceasing effort he passed quietly 
away at Burlington, February 27, 1852. 

On learning of this Silliman the elder wrote: 


Dr. Griscom was an eminently good man. To the names of 
Cleaveland (Bowdoin), Hare (Pennsylvania), Redfield (first 
president of A. A. A. S.) and Olmstead (Yale), we now add his 
name—a name cherished long and warmly by intimate social and 
scientific relations. These men will be remembered as the Pil- 
grims of Science. 


And the distinguished Theodore Cuyler said 


Another of our patriarchs has fallen—the venerated John 
Griscom of Burlington. . . . He had wrought out his work and 
wrought it well. To the last he was the simple, childlike, humble 
man—full of zeal in that cause of education to which he had given 
so much of his life. 
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A supplier of church equipment such as pews, carved altars, and communion rails 
now makes wooden mess tables, parachute folding tables, benches, and other wooden 
items for ships, the principal change being a shift from custom to mass production. 


A company which made nail polish is now devoting a large part of its facilities to 
the making and assembling of airplane communication systems. i 


A concern which is principally known for its linoleum and resilient tile now pro- 
duces a wide range of ordnance and airplane parts ranging from bomb racks and rudders 
to shells and tank parts. 
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Acid-Base Relationships at Higher Temperatures 


L. F. AUDRIETH and THERALD MOELLER 


Noyes Chemical Laboratory, University of Illinois, Urbana, Illinois 


ROM THE very beginnings of chemistry, the 

“‘acid-base’’ concept has been the subject of investi- 
gation and controversy (1), and even today, in spite 
of the development of the Brgénsted point of view and 
the broader and more inclusive Lewis representation, 
our scientific thinking along these lines has been limited 
largely to phenomena and observations over a rather 
narrow temperature range. Chemical reactions at 
higher temperatures have either been overlooked or 
tacitly ignored—yet it is significant that many impor- 
tant technical processes operate under conditions where 
high-temperature acid-base reactions are caused to 
take place either between solids or in the fused state. 

Nevertheless, the extent to which our theories have 
been developed during the past five decades is remark- 
able. Until just before the beginning of the twentieth 
century, water was considered to be a unique solvent, 
and only in aqueous solution did acid-base relation- 
ships receive attention. The work of Hantzsch, Wal- 
den, and especially Franklin and Kraus directed atten- 
tion to non-aqueous solvents and resulted in the con- 
sideration of many of these as parent substances of 
solvent systems of compounds. Such systems as 
those built up from the protonic solvents ammonia, 
hydrazine, glacial acetic acid, and hydrogen fluoride 
attracted considerable attention, and interest in these 
led eventually to the Brgénsted definition, according to 
which an acid is characterized as a proton donor and a 
base as a proton acceptor. Non-protonic systems 
such as those based on sulfur dioxide were developed, 
but these did not fit into the general picture, although 
efforts were made to set up ‘‘proton-like”’ ions in various 
attempts to apply the Brénsted concept more widely 
(2). . 

However, since acids and bases are found so widely 
in chemical systems, relation of phenomena associ- 
ated with them to some more fundamental property of 
matter became necessary. It was Lewis (3) who first 
pointed out that bases are electron pair donors and are 
therefore capable of adding protons and who finally 
developed (4) a broad and inclusive definition of acids 
and bases (5, 6). In terms of this concept, a base is 
characterized as a molecule or ion capable of acting 
as an electron pair donor and an acid as any electron- 
deficient molecule or ion, while interaction of an acid 
and a base results first in the formation of a covalent 
compound which subsequently may or may not yield 
ions. Inasmuch as the properties of both original 
components are completely altered, neutralization again 
represents the net result of an acid-base reaction, and 
in this respect we have a complete reversal of thinking 
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from the Brénsted approach where salt formation and 
neutralization have no place in equilibria involving 
merely proton transfer. 

It is obvious from the examples listed in Table 1 
that the Lewis interpretation makes every case of 
coérdination an acid-base reaction. The coérdination 
theory, first elucidated by Werner and later given 
its fundamental basis by the development of the elec- 
tron theory, therefore becomes synonymous with a 
rather inclusive acid-base relationship. 

It is, however, not the purpose of the authors to 
point out the shortcomings of the Br¢énsted concept or 
the overextended nature of the Lewis definition. Both 
have found wide application and have done much to 
stimulate scientific thinking and research. Yet it is 
certainly not desirable to limit our efforts at application 
of these concepts to reactions which take place at 
ordinary temperatures, for through the use of these 
accepted and well-developed ideas, it becomes possible 
to characterize reactions which take place in non- 


TABLE 1 
THE Lewis ELECTRON THEORY OF ACIDS AND BASES 
Bases Acids 
(Electron (Acceptor Neutralization Product 
Pair Molecules (Formation of Codrdinate Link; 
Donors) or Ions) Ionization Not Necessary) 
R3N BCI; R3N —— BCI; 
R:O SO; R,O —en SO; 
R3N HCl R;3N — HCI(R;sNH?t + Cl-) 
H:O HCl H.0 —HCI(H;0* + Cl-) 
Cl 
COCI, AICI; oc’ “AICI, (COCI+ + AICI,~) 
Cl 
HCl, 
HCl SnCl, SnCl,(2H*t + SnCl.~) 
c7 
/NH:* 
NH; Agt Ag 
\NH; 
NH; Cott+ Co(NHs3)4Cl.* 
cr 


aqueous, high-temperature systems, regardless of the 
presence or absence of a liquid phase. To a limited 
extent, this has already been done in extending the 
Br¢gnsted concept to reactions of ‘‘onium’’ salts at ele- 
vated temperatures, but judicious application of the 
Lewis definition permits consideration of many non- 
protonic high-temperature reactions as acid-base phe- 
nomena. 


‘‘ONIUM”’ SALTS AS ACIDS AT ELEVATED TEMPERATURES 


The development of the nitrogen system of com- 
pounds (7) early revealed the fact that ammonium salts 
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behave as acids in liquid ammonia. Subsequent in- 
vestigations dealing with other nitrogen-containing sol- 
vents such as hydrazine and the amines have demon- 
strated experimentally the general acidic characters of 
“onium’”’ salts in their parent solvents. With the de- 
velopment of the Brgnsted definitions, these findings, 
previously related specifically to so-called parent sol- 
vents, were given a general theoretical background. 

It was only natural that the following questions 
should arise: ‘‘Do ‘onium’ salts, which have been 
characterized as acids in their respective parent sol- 
vents, exhibit these properties by themselves when 
undergoing reactions in the dry or fused state?’’ (8) 
and ‘‘Does the presence of the ‘onium’ ion give to 
compounds ordinarily termed salts the chemical 
properties of acids?’ (8). “The answer is most de- 
cidedly in the affirmative. The characterization of 
‘onium’ salts as acids, per se, in the dry and fused state 
is one of the most useful extensions of the modern 
Brgnsted theory of acidity. Indeed, the very simpli- 
city of this concept has caused it to escape investiga- 
tion until now’ (8). 

The literature contains numerous examples of reac- 
tions involving “‘onium’’ salts at higher temperatures. 
Reactions of ammonium chloride with oxides and 
other compounds at elevated temperatures were studied 
quite thoroughly by Rose (9) almust one hundred years 
ago. Ammonium sulfate and ammonium fluoride 
have been widely used as fluxes in the opening up of 
ores as has ammonium chloride in the analysis for the 
alkalies in silicates (10). The use of ammonium chlo- 
ride to repress hydrolysis in the dehydration of metal 
chlorides at elevated temperatures is familiar to all, 
and the acidic characters of ammonium nitrate and 
the ammonium halides have rendered them useful in the 
syntheses of anhydrous nitrates and halides (8, 11-15). 
Fused ammonium nitrate, which can be regarded as a 
concentrated solution of nitric acid in ammonia, is not 
only an acid, but a vigorous oxidizing agent as well 
(8), and its reactions with metals and oxides are in 
every way analogous to those of nitric acid in water 
solution. The conversion of cyanamide and of di- 
cyandiamide to guanidine salts by fusion with am- 
monium nitrate and other ammonium salts (16) in- 
volves ammonation catalyzed by the ammonium ion. 
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Other examples of these general phenomena may be 
cited. Thus fused pyridine hydrochloride (17) is a good 
solvent for metallic chlorides and reacts with many 
metals and oxides yielding fused low-temperature 
melts which are good conductors and from which a 
number of the less active metals have been electrode- 
posited. Furthermore, it is of interest that the double 
“onium’’-metallic salts, such as ZnCle-2NH,Cl, also 
behave as acids in the fused state, many of such systems 
giving stable fused melts at temperatures far above 
those at which the pure “‘onium”’ salt would ordinarily 
decompose (18). 

Inasmuch as hydrazine, hydroxylamine, and sub- 
stituted ammonium salts (18) have also been shown to 
behave as high-temperature acids, all available evi- 
dence lends credence to the premise that “‘onium”’ salts 
do indeed behave as acids. 


THE LEWIS THEORY AS APPLIED TO ACID-BASE REACTIONS 
AT HIGHER TEMPERATURES 


There are many high-temperature reactions which 
are not amenable to treatment in terms of the Brgn- 
sted concept because of the complete absence of any 
hydrogen-containing ion. However, reactions between 
the so-called basic oxides, sulfides, and fluorides, con- 


taining the donor ions : O: ye ‘g- , and : F :~, and such 

coérdinatively unsaturated ‘@) molecules as silica or 
:0: 

titania or (b) ions as the metaphosphate (: O: :P; :0 )~ 


or the metaborate (: O: B: ) :)~ are typical high-tem- 
perature acid-base reactions from the Lewis point of view. 
Fusion may in some cases take place, but in other in- 
stances it is unnecessary. Summarized in Table 2 are 
several typical examples of high-temperature acid-base 
reactions which are fundamental in many metallurgical 
and ceramic processes. 

It should be pointed out that many acidic oxides such 
as silica are giant molecules which must first undergo 
depolymerization before the simple ions indicated in 
Table 2 are formed, if, indeed, they even exist. Reac- 
tion of silica with fused sodium hydroxide, or with 
other compounds yielding strong anion bases, must in- 
volve the intermediate formation of polyanionic silicate 


TABLE 2 
THE LEWIS THEORY AND ACID-BASE REACTIONS AT HIGHER TEMPERATURES 


Bases 


O~ (from MO, MOH, MCO;, MSO,) SiO, 

Al,Os 
B2O; 
O@ (from MO) a 
PO 


O- (from MO, etc.) 


S~ (from NaS) 


F- (from alkali fluorides) 


Acids 


(B20s) 


S,0; 
er ‘SO;7) 
HSO,- 


(H,0 + $,0,;7) 
FeS 

CuS 
BeF, 
AIF; 
TaFs 


Neutralization 
Products 
SiO;" or SiO,” 
AlO.~ or AlO;” 
BO,- or BO;™ 

BO;* 


Applications 


Manufacture of glass, cement, and 
ceramic products. Slag forma- 
tion 

Borax bead tests 

Metaphosphate bead tests 

Opening of ores 


Oxford process for nickel concentra- _ 
tion 
Electrolytic melts 
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complexes, the average ionic sizes of which must de- 
pend both upon the temperature and upon the quan- 
tity of added base. Just as isopoly and heteropoly 
anions in aqueous solution can be degraded to simple 
ions by raising the pH, so can the giant molecules of 
silica be degraded by the metallic oxides, hydroxides, or 
carbonates because of the basic natures of the latter. 
It is interesting to note, however, that this depoly- 
merization proceeds most rapidly in the presence of 
fluorides, a fact which is undoubtedly due to the im- 
possibility of the bridging of two silicon tetrahedra at a 
point where the fluoride occupies a corner. Certainly 
this explanation is in line with the practice of adding 
fluorides to silicate melts to increase their fluidities (19). 
The sintering reactions involved in the manufacture 
of. cement can also be looked upon as involving high- 
temperature acid-base behavior wherein both alumina 
and silica function as acids. 

The second series of reactions listed in Table 2 in- 
volves the bead tests, formerly so much used in analyti- 
cul chemistry. In each of these the anion of the low 
melting fused salt functions as an acid in accepting an 
electron pair from the basic oxide ion. Here again the 
over-all reactions may not result in the formation of 
simple anions, for in fact the existence of a discrete 
metaphosphate ion, either in solution, in the fused 
state, or in the crystalline condition, is highly imiprob- 
able. Rather it is more probable that the metaphos- 


phate ion is a polymeric aggregate and reacts with 
oxides to form an entire series of intermediate poly- 
phosphate ions of indefinite .compositions. 


Such a 
process might be formulated as 
(x—y—1)O7 
(PO;-)z ——> (PO;-)z O-"y ———————>_ «x PO* 

with the formation of definite ionic aggregates such as 
the tripoly- and pyro-phosphate as intermediates with 
the ortho-phosphate as the codrdinatively saturated 
end-product. 

While borate reactions have been best characterized 
in terms of oxides as bases (20), it is common practice to 
detect cobalt, for example, by means of a bead test 
upon the precipitated sulfide and fluoborates have 
been obtained by fusing boric oxide and potassium 
fluoride (21). Furthermore, the fact that at elevated 
temperatures boric oxide will decompose nitrates, sul- 
fates, and other salts (22, 23) with the production of 
borates and more volatile acids or their decomposition 
products certainly agrees with the Lewis interpretation. 
The same is, in general, true of the phosphates. The 
formation of sodium monothio-orthophosphate by a 
high-temperature reaction between sodium sulfide and 
sodium metaphosphate (24) is representative, and a 
consideration of the electronic structure of phosphorus 
pentoxide makes it apparent that the formation of 
fluophosphates as a result of heating this oxide with 
ammonium fluoride (25) is only another example of 
acid-base behavior. 

. The well-known solubilizing effects of fusion with 
alkali bisulfate or pyrosulfate, especially in the treat- 
ment of such refractory ores as those of titanium, tanta- 
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lum, and columbium (26), are merely other examples of 
high-temperature acid-base behavior in which sulfur 
trioxide, a real or intermediate decomposition product of 
either flux, because of its electron unsaturation be- 
haves as an acid. The literature is replete with refer- 
ences to reactions of this type. 

In such melts as are furnished by molten sodium 
sulfide, the sulfide ion is a strong base. Thio-com- 
plexes are common, and their formation in the molten 
state is accomplished in an interesting series of metal- 
lurgical processes, for instance in the refining of nickel 
where the cuprous and ferrous sulfides dissolve in fused 
sodium sulfide and are thus separated from the nickel 
sulfide which undergoes little or no reaction (27). 
Molten mixtures of sodium and cuprous sulfides show 
electrolytic conduction and the existence of CuS~- 
ions has been demonstrated (28). 

Many metallic fluorides and oxides dissolve in an 
excess of molten alkali fluoride to form complex ions 
(29), the fluoride ion acting as a strong base in bringing 
about these reactions. The small radius of the fluoride 
ion undoubtedly contributes to the formation of ex- 
tremely stable complexes of relatively low ionic weights 
which yield melts of high fluidity and excellent con- 
ductivity. 

Fluorides have long been recognized as mineralizers 
when found with certain classes of ore deposits, and 
fluorspar, together with other fluoride containing miner- 
als, is found in the end fractions of magmatic intru- 
sions as well as in the surrounding and sometimes highly 
metamorphosed country rock. 

The opening up of ores in general necessitates the 
use of a wide variety of fluxes, the choice of flux in each 
instance being governed by a knowledge of the chemi- 
cal composition of the raw mineral. For acidic ores 
the high-temperature bases such as sodium hydroxide, 
carbonate, or fluoride, calcium carbonate or oxide, and 
potassium fluoride are widely used, whereas for basic 
ores such acids as silica, borax, bisulfate, or pyrosulfate 
are important. , 


CONCLUSION 


In presenting these few examples of acid-base reac- 
tions at higher temperatures, no effort has been made 
to be specific in elucidating reaction mechanisms. 
While qualitative evidence leaves little doubt concern- 
ing the validity of extending both the Brgnsted and 
Lewis definitions to. systems of this sort, it is to be re- 
gretted that quantitative physico-chemical studies are 
almost completely lacking. Certainly the extensions 
proposed should be useful particularly to the inorganic 
chemist interested in new syntheses, the metallurgist, 
and the ceramist. It is also hoped that recognition of 
these simple acid-base relations in high-temperature 
systems may serve to interest the theoretical chemist 
in quantitative definitions of the phenomena which 
occur. 
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Do You Know Your Periodic Table? 


_— following interesting “‘test’’ was sent to us re- 
cently by Professor Mark Neuhof of the Utah State 
Agricultural College, Logan, Utah. Correct answers 
will be given next month. 


DIRECTIONS 


The code letters A to Z (omitting J) have been as- 
signed to the first twenty-five elements in the periodic 
table. These code letters do not represent the chemi- 
cal symbols, nor have the letters been assigned in 
alphabetical order. 

Place the code letters in their correct positions in the 
table below and indicate their atomic numbers. Hint: 
First find out in which group each family belongs; 
then arrange the elements within the group. 


EVIDENCE 

1. The following elements belong together in groups: 
ZRD: SIFP;: ABE: LAT; CRA; 
WOV; YMC; GUN. 

2. The valence limits of element U are plus four and 
minus four. 

3. AsN is the formula of an oxide. 

4. E isa noble gas. 

5. Sis an alkali element. 

6. C has five valence electrons. 

7. Lis an alkali earth element. 

8. Oisa halogen. 

9. The sulfate of T is more soluble than that of H 
but less than that of L. 


10. The degree of ionization of an oxygen acid of M is 
92% and that of the similar acid of C is 27%. 

11. The atomic radius of Q is larger than that of A. 

12. The electrons of atom N are distributed over three 
orbits. 

13. W belongs to.a sub group. 

14. The salt OS is less stable than OI. 

15. Atom X contains two neutrons. 

16. D has the smallest atomic weight in its group. 

17. V boils at a lower temperature than O. 

18. The density of P is 0.53 and that of S is 0.99. 

19. R forms a stronger base than Z. 

20. U is the least metallic element in its group. 

21. F isa gas. 

22. Atom B contains ten protons. 

23. Q is more closely related to A then to K. 

24. Y is more metallic than either M or C. 


CONCLUSIONS 

Group: I II III IV V VI VII VIII 
Series 1 

24 

3 

4 
Element: ABCDEFGHIK LM 
Atomic No.: 
Element: NOPQRSTUVWXYZ 
Atomic No.: 
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Infrared Spectroscopy 





as an Organic Analytical Tool 


ROBERT C. GORE 
W. A. Noyes Laboratory of Chemistry, University of Illinois 


HE CENTURY after the discovery of infrared 

radiation by Sir William Herschel in 1800 was 
devoted mainly to the development and improvement 
of instruments for studying the infrared region of the 
spectrum. It was recognized early that certain 
substances had characteristic absorption bands. In 
1892 Lord Rayleigh showed that a vibrating and rotating 
diatomic molecule, which possessed an electric moment, 
should emit and absorb radiation at or near the fre- 
quencies of vibration and rotation. These frequencies, 
assuming a simple harmonic oscillator and a rigid 
rotator, occur in the range from 14,300 to 50 cm.—! 
or more conveniently, in the wave length range of 0.7 
to 200 microns. 

Various investigators have studied the radiation 
absorbed by many organic (and inorganic) compounds 
in portions of this infrared region. Prominent among 
these early investigators was W. W. Coblentz! who 
analyzed the absorption of several hundred compounds. 
He found that various chemical groups such as the 
hydroxyl, methyl, methylene, ethyl, and amino pos- 
sessed characteristic absorption at definite frequencies 
or wave lengths. 

Investigations on simple molecules were made during 
the first twenty-five years of this century with various 
types of spectrometers and in narrow regions with 
higher and higher resolution. These results have 
been more or less summarized in various books.’ 

With the advent of modern quantum mechanics to 
explain the vibration and rotation of the simpler mole- 
cules and with the development of more satisfactory 
instruments, notably the introduction of stable direct 
current amplifiers, many investigators began series of 
investigations with high resolution in order to correlate 
the experimental data with the frequencies and in- 
tensities predicted through quantum mechanics. This 
work, of the utmost importance in furthering the 
interpretation and understanding of molecular spectra, 
is being actively continued at the present time. The 
results of many of ‘these researches are enumerated in 
many of the more recent books.* The researches of 
many investigators including Randall, Sleator, Denni- 
son, Barker, the Nielsens, Bailey, Wilson, Matossi, 





1 CoBLENTZ, ‘‘Investigations of infrared spectra,” Pub. 35, 
Carnegie Institution of Washington, 1905. 

2 SCHAEFER AND Marossi, “Das Ultrarote Spektrum,” J. 
Springer, Berlin, 1930. 

3 HERZBERG, “Molecular spectra and molecular structure, I: 
Diatomic molecules,’ Prentice-Hall, New York, 1939. Wu, 


“Vibrational spectra and structure of polyatomic molecules,” 
Prentice-Hall, New York, 1939. 
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Mecke, Thompson, Snow, and Sutherland are of this 
nature. 

From the standpoint of organic analysis this work is 
of fundamental importance but it has not been possible 
as yet to completely assign and classify all of the vibra- 
tion-rotation frequencies found in many of the poly- 
atomic molecules. Although the lack of complete 
vibration-rotation analyses increases the difficulties 
encountered it is still possible to obtain much infor- 
mation valuable to organic chemists through the study 
of infrared absorption spectra. It is possible to use all 
of the frequency assignments available and then to 
fall back upon empirical methods when studying com- 
plex compounds. These half theoretical and half 
empirical methods are proving of such value that 
many industrial organizations have recently begun 
to use infrared spectroscopy in both research and 
control. 


APPARATUS 


Many spectrometers for various regions of the in- 
frared have been described in the literature. These 
consist of the usual three spectrometric essentials, 
namely, a source of radiation, a dispersing system, and 
a receiving-recording arrangement. 

Sources. The popular sources of infrared radiation 
include the Nernst glower, the Globar, and tungsten 
filament lamps. The Nernst glower and Globar, 
operating in air, are not troubled with the absorption 
of an envelope. The glower with its small heat 
capacity and attendant unsteadiness is a good source 
out to about 20 uw. The Globar, a little less effective 
in the 3 uw region, is steadier than the glower but has a 
high current consumption. The common street lamp 
Mazda is a steady and excellent source up to about 
4 », where the absorption of the glass envelope becomes 
excessive. This can be obviated by sealing rocksalt or 
other transparent material into the envelope. 

Dispersing Systems. Both prism and grating in- 
struments are useful. The optical systems custom- 
arily use first surface mirrors instead of lenses because 
of the opacity of the usual lens materials. The 
prisms are made of various materials depending upon 
the range of operation of the spectrometer. Quartz 
is useful to about 2.5 yu, fluorite to 7 wu, rocksalt to 15 y, 
potassium chloride to 20 u, potassium bromide to 27 yu, 
and potassium iodide to 31 4. Many instruments are 
made with a series of interchangeable prisms as each 
material has a region of optimum dispersion. 

The usual Wadsworth and Littrow prism mountings 
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are in common use. A combination Wadsworth- 
Littrow mounting is very popular because of the added 
dispersion. Instruments have been devised with 
holes in the mirrors for the passage of the radiation in 
order to escape aberrational defects present when 
spherical mirrors are used off their axes. A typical 
prism instrument is shown in Figure 1. 


THERMOCOUPLE 
MIRRORS SPHEROID 


PRISM, 60° 
WADSWORTH-LITTROW 
MOUNTING 


PRISM SPECTROMETER 
FIGURE 1 


Grating instruments have been used out to 150 uy. 
For high dispersion below 30 yw combination prism- 
grating instruments, as developed by Sleator, are of 
considerable utility. An instrument of this type is 
shown in Figure 2. A suitable prism of small angle 
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nA=2d sin® 


FIGURE 2 


and dispersion is interposed in the radiation beam in 
order to prevent the overlapping of the grating spectral 
orders at the receiver. Echelette gratings are custom- 
arily employed in order to concentrate the rather small 
infrared energy into several orders of the spectrum 
rather than distributing the energy over a large number 
of orders. The echelette gratings are reflection gratings 
usually ruled on tin, speculum metal, or solder flats. 
Replica gratings are becoming popular in the more 
recent instruments. Barnes has used transmission 
gratings made with piano wire for the infrared beyond 
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30 uw. Grating instruments have the advantage over 
prism instruments in that the wave length of an ob- 
servation may be computed from the usual grating 
equation, m A= 2d sin 0. 

Receiving and Recording. For the reception and 
detection of the radiation after dispersion the vacuum 
thermocouple is the most popular device. Many 
types of these have been described but those developed 
by Firestone, Cartwright, and Pfund and described 
in detail by Cartwright* are probably the most satis- 
factory. These are two-junction compensated bis- 
muth, bismuth-tin alloy thermocouples. 

The thermocouple is conveniently connected to a 
high sensitivity galvanometer directly or is connected 
to an amplifying apparatus. The development of suit- 
able direct current amplifiers has made possible the use 
of recording devices. These self-recording spectrome- 
ters have become very popular for industrial in- 
stallations. Large regions of the infrared spectrum 
may be traversed in short periods of time through their 
use. 

Preparation of Material for Observation. The ma- 
terial whose spectrum is under observation may be 
handled in several ways. If it is possible to obtain a 
sufficiently concentrated solution of the material in a 
transparent solvent, such as carbon tetrachloride in 
the near infrared, the spectrum in the dissolved state 
can be observed very conveniently. The unknown 
solution may be placed in one compartment of a two- 
compartment cell having suitable windows, while pure 
solvent may be placed in the other compartment. The 
intensity of the radiation for each spectral interval 
may then be measured after passing through the two- 
cell compartments in turn. The absorption of the 
solvent may be cancelled out by this procedure which 
also prevents any long-time variation of the intensity 
of the source from causing any difficulties. The in- 
tensity measurements may be recorded by the instru- 
ment, or in simpler spectrometers, read as galvanome- 
ter deflections. In the latter case it is convenient 
to plot log I)/I against the wave length or frequency, 
where Jy is the intensity through the solvent and J is 
the intensity through the solution. The plot of the 
logarithm of the ratio is convenient because of the 
Bouguer-Lambert-Beer law, J = Ipe** where k is the 
absorption coefficient, c is concentration, and d is 
thickness of the cell. 

Gases may be observed directly in cells of proper 
length. Solids may be deposited upon suitable flat 
surfaces, such as rock salt or large microscope cover- 
glasses. In these cases duplicate plates should be 
observed to correct for the absorption of the material 
just as in the case of solutions. _ 


QUALITATIVE ANALYSIS 


One of the major problems of organic analysis is the 
determination of the constituent groups of a com- 
pound. The qualitative detection of many of these 


4 CARTWRIGHT, “Procedures in experimental physics,” John 
Strong, Editor, Prentice-Hall, New York, 1938. 
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groups through a study of the infrared absorption of 
the compound can often be made without the injury of 
the material. The infrared absorption of a molecule 
depends upon four factors: (1), the masses of the 
atoms; (2), the binding forces between the atoms; 
(3), the spatial configuration of the molecule with 
especial emphasis upon the symmetry; and (4), the 
molecular environment. Of these four factors proba- 
bly the first two are of primary importance in deter- 
mining the regions in which a compound will absorb. 
The spatial configuration may be a primary considera- 
tion in determining whether the molecule absorbs or is 
transparent but is usually of a somewhat secondary 
value compared with the first two factors. In other 
words there is often little coupling between any in- 
frared active group and the remainder of the molecule. 
The molecular environment can often be controlled 
in such a manner that its effect is eliminated or en- 
hanced, whichever is desirable. 

The common polar groups can usually be detected 
by their characteristic vibrational frequencies. Many 
of these groups have been studied in great detail both 
in the fundamental and harmonic frequency regions. 

O—H. The fundamental radial vibration of free 
hydroxyl, not inter- or intramolecularly bound usually 
occurs from 2.68 to 2.84 uw (microns) wave length. 
This variation in wave length is due to coupling and 
environmental effects. The hydroxyl radical often 
forms hydrogen bonds with like molecules or with the 
solvent. This materially alters the wave length of the 

’ groups and the absorption can no longer be attributed 
to the free radical. It is important to recognize this 
when determining the presence of free O—H in a 
molecule which may be in an environment conducive 
to bonding. Free hydroxyl absorption bands for adipic 
acid occur at 2.68 w and for propionic acid at 2.83 uy. 
illustrating the range over which these vibrations may 
occur. Figure 7 shows free hydroxyl in methyl alcohol 
at 2.75 uw. Many authors® have reported hydroxyl 
frequencies in other compounds. 

C—H. The various carbon-hydrogen frequencies 
occur in the region from 3.2 to 3.6 uw. Many in- 
vestigators have studied the fundamental C—H fre- 
quencies. Unfortunately, however, much of this 
work has been undertaken with instruments having 
insufficient resolution. A large number of studies have 
been made on the harmonics which occur near 1.1 to 1.8 4. 
The best analysis of the C—H fundamental frequencies 
is undoubtedly that of Fox and Martin. They con- 
clude that: 


1. ==CHe groups in ethylene and higher olefins 
produce two CH wave lengths with mean values 
3.2478 and 3.3579 mw, corresponding to un- 
symmetrical and symmetrical valency vibrations 
of the CHe group. 


‘5 BUSWELL, DIETZ, AND RopDEBUSH, Methyl, ethyl, -propyl, 
and benzyl alcohol, J. Chem. Phys., 5, 501 (1987). 
Fox AND Martin, Long-chain aliphatic alcohols, phenol, and 
phenyl-substituted methyl alcohols, Proc. Roy. Soc. (London), 
A162, 419-41 (1937). 





2 CH groups in olefins usually have a single CH 
wave length near 3.312 yu. 

=CH in saturated compounds occurs near 
3.460 yu. 

>CHe2 groups normally exhibit unsymmetrical 
and symmetrical valency vibrations with mean 
wave length values near 3.4176 w and 3.505 uy, 
respectively. 

CH; groups have two valency frequencies cor- 
responding to unsymmetrical and symmetrical 
vibrations within the group which occur at 
3.376 and 3.4818 yu, respectively, when the methyl 
group is bonded to another carbon atom. When 
the group is adjacent to a double bond, the 
positions and intensities vary with the com- 
pound. Usually the 3.4818 band is split in these 
compounds. 


With instruments of moderate resolution the presence 
of aliphatic and aromatic C—H frequencies can 
readily be detected. Wall and McMillan found that 
aromatic C—H occurs in the neighborhood of 3.25 u 
and the aliphatic absorbs near 3.45 w. Figure 3 shows 
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FIGURE 3 


the absorption spectra of toluene, cyclohexane, and 
mixtures of the two dissolved in carbon tetrachloride. 
The aromatic peaks occur at 3.3 u» and the aliphatic 
C—H absorbs from 3.4 to 3.5 yu. 

N—H. The NH: group exhibits vibrations similar 


to the water molecule. There may be symmetrical 
and asymmetrical vibrations with respect to the 
central nitrogen atom. Buswell, Rodebush, and Roy® 
assign the bands found at 2.92 and 2.83 yu to these 
two vibrations, respectively. The first two authors, 


( 6 ieee RopEBUSH, AND Roy, J. Am. Chem. Soc., 60, 2444 
1938). 
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in unpublished work, have found that the variation 
in the wave length of the NHe: group in different com- 
pounds, is not so great as in the case of the hydroxyl 
group. The asymmetrical vibration varies from 2.82 
to 2.92 u, while the symmetrical is found between 2.91 
and 2.98 u. The N—H group as found in secondary 
amines and amides occurs in the wave length interval 
2.59 to 2.96 uw. Figure 4 shows the NH: doublet in 
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FIGURE 4 


aniline dissolved in carbon tetrachloride. The NH2 
group exhibits an angular mode of vibration, just as is 
found in the case of the water molecule, which ap- 
pears near 6.1 yu. 

S—H. This group has been reported to exhibit a 
fundamental absorption peak in the range 3.8 to 3.9 yu.’ 
The wave length of this fundamental radial vibration 
is not greatly affected by the environment of the 
group. Any hydrogen bonding with itself or the solvent 
is slight and the consequent shift of the wave length is 
also slight. Gordy and Stanford report a variation 
in the wave length of the SH group in thiophenol 
from 3.86 to 4.06 mu depending upon the solvent. 
The absorption of SH in thiophenol is shown in Figure 
5 (right). 

C=O. The fundamental vibrational frequency of 
the carbonyl group appears in the wave length region 
from 5.6 to 6.4. The energy involved in the vibration 
at this wave length is small compared with that in- 
volved in the 3 yw region. The absorption in this 
region may be further complicated by harmonics from 
the longer wave length vibration and rotation. Gordy® 
also reports a band at 6.3 » which he attributes to a 
C=C vibration. This may interfere with the carbonyl 
bands if the compound is unsaturated or aromatic. 
The carbonyl frequencies of twenty-five aldehydes and 
ketones have been reported by Lecomte.® Buswell, 
Rodebush, and McMillan in unpublished work have 


7GorRDY AND STANFORD, J. 
(1940). 

8 Gorpy, J. Chem. Phys., 8, 516-9 (1940). 
180, 1481 (1925). 


Am. Chem. Soc., 62, 497-505 


9 LecomTE, Compt. rend., 
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found that acetone dissolved in carbon tetrachloride 
solution has an absorption doublet with peaks at 5.81 
and 5.83 4. The second peak is slightly less absorptive 
than the first. This is shown in Figure 5 (below). They 
also find that benzophenone shows a doublet with 
peaks at 5.96 and 6.01 » with the latter peak being 
considerably more absorptive. Other compounds such 
as quinone and ethyl acetate show absorption peaks 
in the general carbonyl region which are resolvable 
into three and two bands, respectively. The carbonyl 
region needs further study. 

C—C. The vibrational frequency of this group 
has been reported by Barnes” in the vicinity of 10.2 yu. 
In the spectral range from 6 to 16 » many bands are 
found in organic compounds. The absorption of any 
compound in this region of small energies depends 
greatly upon the symmetry characteristics of the 
individual molecule. It is difficult to assign every 
absorption band to a group. The complexity of this 
region, however, makes it possible to use the absorption 
picture of a molecule as a definite and empirical prop- 
erty of that molecule. Lecomte" has collected 
the spectra of over two hundred and fifty organic 
compounds. Most of these are recorded from 6 to 
16 uw. He finds that compounds containing the C—C 
bond show absorption between 6.8 to 7.5 uw and 13.5 to 
13.9 yp. 

C=C. This group absorbs from 6.0 to 7.3 yu, 10.1 
to 11.1 yw, 13.7 to 13.9 uw, and at 15.6 uw according to 
Lecomte. Barnes reports that this group absorbs near 
6 yu, while Gordy finds absorption at 6.3 » which he- 
attributes to this group. 

C=C. Barnes suggests that all X=X vibrational 
frequencies lie between 3.84 to 5.56 u. A C=C stretch- 
ing frequency has been reported in the spectrum of 
methyl acetylene at a wave length of 4.65 » by Craw- 
ford.'? 

10 BaRNES, Rev. Sci. I nstruments, 7, 265-71 (1936). 

11 GRIGNARD, Editor, ‘““Traite de chimie organique,” 


et Cie, Paris, 1936, Vol. II, pp. 143-293. 
12 CRAWFORD, J. Chem. Phys., 8, 526-31 (1940). 
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C—N. After measuring the spectra of eight nitriles 
Bell?* concludes that alkyl nitriles have a band at 
4.4 yw while aryl nitriles have absorption at 4.5 u. 
Gordy and Williams" find an intense band near 4.4 u 
in normal cyanides which doubles in intensity and in- 
creases from 0.20 to 0.23 uw in wave length in isocyanides. 

A smaller wave length shift and greater increase 
in intensity are found in the case of a band at 
4.6 yp. Mathieu and Massignon' find that a C=N 
absorption band occurs at 6.31 and 11.3 yw in several 
alkyl nitriles. 

N—O. The fundamental rotation-vibration band of 
nitric oxide occurs at 5.33 wu according to Gillette and 
Eyster.'6 This group should absorb near the same 
wave length when incorporated in a complex molecule. 
The N—O frequency in nitrosyl chloride is reported 
by Bailey and Cassie!” at a wave length of 5.46 u. 
Wells and Wilson!’ in assigning to the vibrations of the 
molecule the frequencies found in the spectrum of 
nitromethane attribute absorption bands at 7.225 and 
6.32 » to the symmetrical and unsymmetrical stretching 
of the NO: group. 

C=S. This group should absorb in a manner simi- 
lar to the C=O group. In carbon disulfide the group 
appears to absorb near 6.56 uw. In carbonyl sulfide 
the absorption occurs near 6.53 uw. These values as 
reported by Bailey and Cassie!® should not differ 
greatly from those found in organic*compounds con- 
taining the group. 

QUANTITATIVE ANALYSIS 

The characteristic absorption bands of the infrared 
active groups eften provide a means for the quantitative 
estimation of the amount of a compound present in a 
material. The methods used are similar to those 
employed in any quantitative colorimetric procedure. 
An absorption band, occurring in a region sufficiently 
remote from interfering bands, may be chosen as the 
definitive absorption. The presence of this absorption 
band in the spectrum of the material may be taken as 
evidence of the presence of the compound. In order 
to estimate the quantity of compound present in the 
material the intensity of the absorption in the chosen 
region must be measured. This is then compared 
with the intensity of the absorption exhibited by known 
quantities of the compound in the presence of the 
material. This procedure is valid only when the Bou- 
guer-Lambert-Beer law holds. The usual statement 
of the law is J = Ipe-*“, where the J and Jp are the 
intensities of the observed and incident radiation, k is 
the extinction coefficient, d is the thickness through 
which the radiation is passing, and c is the concentra- 
tion. 

13 Bei, J. Am. Chem. Soc., 57, 1023-5 (1935). 

14 Gorpy AND Wiiiiams, J. Chem. Phys., 4, 85-7 (1936). 
STALLCUP AND WILLIAMS, ibid., 10, 199 (1942). 

15 MATHIEU AND MassIGNoN, Compt. rend., 211, 783-5 (1940). 

16 GILLETTE AND EysteErR, Phys. Rev., 56, 1113-9 (1939). 

17 BartEy AND Cassig, Proc. Roy. Soc. (London), A145, 336- 
44 (1934). 

18 WELLS AND WILSON, J. Chem. Phys., 9, 314-8 (1941). 


19 BAILEY AND CassIE, Proc. Roy. Soc. (London), A132, 236-51 
(1981); A135, 375 (1932). 


227 


The law also may be written Jog J;/J = ked. If all 
intensity observations are carried out in cells of the 
same thickness (d) and if the extinction coefficient () 
is-constant, the value of Jog I,/I is proportional to the 
concentration (c). 

The validity of the Bouguer-Lambert-Beer law must 
be verified in every determination in which it is to be 
used. The variations of the intensity of absorption 
bands in the infrared with concentration often do not 
follow the law. This deviation from the law may be 
due to several phenomena. If the compound under- 
goes an association which varies with the concentration 
the law will obviously fail. Many infrared absorption 
bands are only partially resolved with the usual in- 
struments. This lack of complete resolution, with 
attendant changes in the band shape with different 
thicknesses and concentrations, often exhibits itself 
in a failure of the law. 

The verification of the law may be done most 
readily by determining the value of Jog I)/I at various 
wave lengths or frequencies for several concentrations 
of the constituent under analysis. This first step is 
illustrated in Figure 3. The value of Jog I)/I is then 
measured at the maximum of the absorption peak in 
question for the several concentrations. These maxi- 
mum absorption values can then be plotted against the 
concentration. When the law is valid a straight line 
is obtained. The maximum absorption value may 
then be obtained for a solution containing an un- 
known quantity of the constituent. From this ab- 
sorption maximum the concentration of the con- 
stituent may then be determined by reference to the 
straight line Bouguer-Lambert-Beer law plot. Such a 
plot for the values of the maximum absorption of 
cyclohexane in toluene is found in Figure 6. This 
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procedure has been described in greater detail by Gore 
and Patberg?® who were able to detect 0.62% cyclo- 
hexane in toluene. 


( 20 Sp AND PatBERG, Ind. Eng. Chem., Anal. Ed., 13, 768-71 
1941). 
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An empirical method for the estimation of quantities 
of impurities in some cases present in only 0.001 per 
cent has been outlined by Wright.4 


ASSOCIATION 


Molecular association often can be detected through 
observation of the infrared spectra. Much of the asso- 
ciation found in organic compounds is through the 
medium of the hydrogen bond. 

Hilbert, Wulf, Hendricks, and Liddell?? showed that 
the second harmonic (first overtone) is absent in the 
spectrum of the hydroxyl group when that group is 
involved in a hydrogen bond. Although Hoyer and 
Forster** claim that the overtone has merely shifted 
instead of disappearing, the work of Wulf, et al., is of 
fundamental importance. Buswell, Rodebush, and 


21 Wricut, Ind. Eng. Chem., Anal. Ed., 13, 1-8 (1941). 

22 HILBERT, WULF, HENDRICKS AND LIDDELL, J. Am. Chem. 
Soc., 58, 548 (1936). 

23 HOYER AND ForstTER, Naturwissenschaften, 26, 774 (1938). 
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coworkers" have found that the fundamental O—H 
and N—H vibrational bands shift to longer wave 
lengths on the formation of hydrogen bonds. These 
investigators have extensively studied hydrogen bond- 
ing in many types of compounds and in several states. 
Especial emphasis has been placed upon the properties 
of the OH—O and NH-—O bonding. 

The effect of hydrogen bonding upon the 2.75 u 
free hydroxyl absorption band is illustrated in Figure 7. 
Here the association is brought about by merely in- 
creasing the concentration of the methyl alcohol dis- 
solved in carbon tetrachloride. On increasing the 
hydrogen bonding the free hydroxyl peak at 3700 
cm.~! (2.75 gw) is seen to disappear and the bonded 
hydroxyl peak appears in the vicinity of 3300 cm.—! 
(3.0 yu). 

Fox and Martin®® studying the absorption of ortho 
and para methoxybenzoic acids find free hydroxyl 
frequencies, intramolecular association (chelation) fre- 
quencies, and intermolecular association absorption 
bands in the region from 2.6 to 3.8 uy. 

Buswell, Rodebush, and Roy find that the rule of 
Venkateswaran*® appears to be confirmed in the in- 
frared. The rule states that when a bond is formed 
the more acidic the hydrogen, the greater is the shift 
in frequency toward the longer wave length and the 
broader is the resulting absorption band. The more 
acidic the hydrogen the greater is the tendency to form 
hydrogen bonds. 

Through measurement of the spectral changes with 
concentration it is possible to determine the association 
equilibrium. This has been done in the case of phenol 
by Kempter and Mecke®’? who used the 0.9680 yu 
absorption band. 

Detection of Isomerism and Other Uses. The presence 
of intramolecular association, chelation, polymeriza- 
tion, and enol-keto isomerism can often be detected. 
This can be done readily whenever it is possible from 
the structures for hydrogen bonding from either a 
hydroxyl or N—H group to be the mechanism. The 
observation of either the carbonyl or the hydroxyl 
absorption bands often is of value in cases of enol- 
keto isomerism. 

Lecomte and his coworkers* have found marked 
differences in the absorption spectra of many cis-trans 
isomers in the region from 6.9 to 18 yu. 

Through the study of an appropriate absorption 
band of a selected reactant or product it is possible to 
follow the progress of certain chemical reactions. 
The greatest practical difficulty in following reactions 
is the difficulty imposed by the necessity of using an 
infrared inactive solvent or reaction medium. The 
intense absorption bands of water make it practically 
of no use as a solvent. Reactions of gases or non- 
aqueous liquids with solids can often be studied. The 


24 BUSWELL, DOWNING, AND RopEBusSH, J. Am. Chem. Soc., 
61, 3252-6 (1939); 62, 2759-65 (1940). 

2 Fox AND MartTINn, Nature, 143, 199-21 (1939). 

2% VENKATESWARAN, Proc. Indian Acad. Sci., 7, 13-20 (1938). 

27 KEMPTER AND MECKE, Z. physik. Chem., B46, 229-41 (1941). 

23 LAMBERT, AND LECOMTE, Compt. rend., 206, 1174-6 (1938). 
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effect of reactions may be followed when the water 
solvent of a reactant may be removed by drying. 
The result of such a reaction is shown in Figure 8. 
During the course of an investigation of the spectra of 
films of /-proline it was observed that certain N—H 
frequencies could not be found repeatedly. It was 
found that a small amount of nitric acid, inadvertantly 
present in the mercury upon which the film was made, 
was responsible for the removal of the N—H absorp- 
tion bands. In this manner the reaction of the nitric 
acid upon /-proline was observed. 

An estimation of the size of particles and the size 
distribution through the study of scattering in the 
near infrared have been made by Gamble and Bar- 
nett.29 They find that fine uniform particles absorb 
at a wave length near their size and transmit longer 
wave lengths. The wave length at which absorption 
ends and transmission begins depends upon the particle 
size. A large distribution of sizes decreases the 
selectivity of the absorption. Coarse particles trans- 


29 BaRNETT, J. Phys. Chem., 46, 69-75 (1942). 
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mit less than fine particles and there is no region of 
selective absorption. The method may be useful in 
the range of particle size from 0.1 to 4.0 u. 


MOLECULAR AND THERMODYNAMIC PROPERTIES 


Although these properties may be of only slight in- 
terest to analytical organic chemistry it is important 
to mention that infrared spectroscopy is of some 
value in their determination. 

A system may absorb energy from incident radiation 
in the infrared region if the time rate of change of the 
electric moment does not vanish. The electric mo- 
ment, which is a function of the relative positions of the 
atoms, will accordingly change when the atoms vibrate 
or when the molecule rotates, absorbing or radiating 
energy. From the characteristics of the vibration- 
rotation spectrum of a molecule, provided it is simple, 
it is possible to compute bond angles, moments of in- 
ertia, and thermodynamic functions such as free 
energy and entropy. 

It is beyond the scope of this paper to consider the 
theory and technique of such computations. The 
general references to quantum mechanics, molecular 
spectra, and theory, which have been given, contain 
much material along these lines. L. S. Kassel®® has 
summarized methods for calculating thermodynamic 
functions from spectroscopic data. Other authors 
have been active in this field also.*! 
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Note on the Synthesis of Triphosgene for War Gas Identification Sets 


F. C. HICKEY, O.P., and J. J. HANLEY, Providence College, Providence, Rhode Island 


IN A recent article on war gas ideritification sets,' 
the authors described the preparation of phosgene, 
its solution in benzene, and the absorption of the solu- 
tion in magnesia packing in the ‘‘sniff set’’ bottle. A 
more permanent source of phosgene is a small sample 
of pure triphosgene. Since this material is a solid at 
room temperature (melting point, 78°C.) with a low 
vapor pressure, the sample will last indefinitely. The 
vapor slowly decomposes into phosgerie. 

Preparation: Since dimethyl carbonate is com- 


1 J. Cuem. Epuc., 19, 360 (1942). 


mercially available, it makes a most convenient start- 
ing point. According to the method of Councler,’ 
the dimethyl carbonate is converted to hexachloro- 
methyl carbonate by direct chlorination for several 
days in the presence of sunlight. 

In order to avoid the difficulty of this procedure, 
ultra-violet light was substituted. An Erlenmeyer 
flask of 350 ml. capacity was fitted, by means of a 
ground glass joint, to a Graham-type reflux con- 
denser. The chlorine inlet tube was sealed into the 


2 CouncLER, Ber., (1880) 13, 1698. 
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lower end of the condenser just above the ground glass 
joint and extended to within one-fourth of an inch of 
the bottom of the Erlenmeyer flask. The assembly 
was mounted above a Sperti “‘Mercolite’”’ bulb equipped 
with a metallic reflector. The space between the bulb 
and the bottom of the flask was so adjusted that the 
solution within the flask did not reach its boiling point. 
The chlorine from a lecture bottle was dried by bubbling 
through sulfuric acid and admitted to the reaction 
flask at the rate of two or three bubbles per second. 
The chlorination was continued for 48 to 63 hours, at 
the end of which time crystals began to appear. Ina 
very short time the whole of the reaction mixture 
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solidified. The crystals were dried over sulfuric acid 
in a vacuum desiccator and found to be sufficiently 
pure without further treatment (m. p., 76° to 78°C.). 
The conversion of methyl carbonate was 92 to 93 per 
cent, while about 90 per cent of the chlorine reacted. 
Both pyrex and lime glass flasks were used with ap- 
parently no effect on time, chlorination, or yield. 

An efficient gas mask should always be used in work- 
ing with triphosgene. 

A thin layer of the crystals on the bottom of the 
“‘sniff set’? bottle will suffice, and the odor is so strong 
that only the stopper of the bottle need be brought near 
the nose in order to identify the characteristic odor. 


Complex Compounds: 
Their Derivation and Nomenclature 


OLUS J. STEWART 
University of Kentucky, Lexington, Kentucky 


HE PURPOSE of this paper is to show that in 

studying complex compounds it is convenient to 
think of these bodies as substitution derivatives of 
hydroxides, or their corresponding hydroxylated acids. 
An example will make the matter clear. Consider the 
complex salt, K;[Fe(CN)s]. Since this compound 
contains tervalent iron, the starting material required 
for deriving the formula is iron (III) hydroxide, Fe- 
(OH)3, or H3FeO3, which through ionization yields the 
orthoferrite ion, FeO;=. This ion may be said to con- 
tain three oxide ions, 30=, or the equivalent thereof, 
because if three oxygen atoms are extracted from the 
composite ion, six units of negative charge must also be 
removed in order that the iron atom may retain its 
original charge of plus three. This hypothetical pair- 
ing-off of atoms and charges within the orthoferrite 
ion serves to emphasize the importance placed on 
charge in this discussion, and carries the implication 
that other ions, say six cyanide ions, whose charge, 
both in magnitude and sign, matches that of 30=, can, 
in consequence of this fact, replace the three oxide ions, 
and yield the product sought [Fe(CN).]=. This ion 
is to be regarded as a true derivative of the hydroxylated 
acid, H;FeO3. 

The preceding speculation does not support the view 
that complexes actually come into being in practice 
through a process of direct substitution, nor does it 
rule out such a contingency. Instead, it urges only 
that through the agency of imaginary substitution one 
is enabled to predict what complexes are possible. 
In short, the argument runs as follows: If a certain 
hydroxylated acid is possible, then corresponding sub- 
stituted derivatives are also possible. 

When complex compounds are regarded as deriva- 


tives of hydroxylated acids the problem of nomencla- 
ture immediately takes on new significance, for the 
value of the designation can be enhanced by naming the 
offspring so as to show kinship with its parent. The 
official name of the salt which serves as the first ex- 
ample, and given in “Rules for naming inorganic com- 
pounds,’’! hereafter referred to as the ‘““Rules Commit- 
tee,” is potassium hexacyanoferrate (III). In fact 
the Rules Committee terminates the names of all com- 
plex anions of acids or salts with the suffix -ate. How- 
ever, if the hydroxylated acid, H;FeO;, from which the 
salt in question appears to originate, bears the name 
orthoferrous acid, then a name showing this relation- 
ship of salt to acid would be potassium hexacyanoortho- 
ferrite. When this name is used, the Roman figure 
(III) is not required to specify the valency of the cen- 
tral iron atom. 

The formula, K,{[Fe(CN)¢], has been selected for the 
second derivation in order to bring out additional 
points of interest. Since this compound contains bi- 
valent iron, it is necessary to start with iron (II) hy- 
droxide, Fe(OH): or H2FeO2. Inspection shows that 
this hydroxylated acid is not the one required, for the 
anion is not quadrivalent, and substitution of cyanide 
ions for oxide ions will introduce four instead of six 
cyanide groups. Evidently a more highly hydroxyl- 
ated acid is needed. Now the acid, H:FeO2, may be 
said to result from the union of one mole of iron (II) 
oxide with one mole of water. In order to secure a 
still more highly hydroxylated acid, another mole of 
water must be added to produce the acid, HyFeO;. If 
now 30> is replaced by 6 CN~-, the derivation of the 


1 JORISSEN (Chairman), “Rules for naming inorganic com- 
pounds,’”’ J. Am. Chem. Soc., 63, 895 (1941). 





May, 1943 


complex will be complete. The official name of the 
potassium salt is potassium hexacyanoferrate (II). 
If, however, one cares to coin a name which brings out 
the apparent relationship of the salt to the acid, Hy- 
FeO;, the name potassium hexacyanohypoorthoferrite 
might at first suggest itself. The term ortho- is re- 
quired to indicate a derivative of the most highly hy- 
droxylated acid, Hy FeO;. But, according to the 
Rules Committee, Section D, the name, “‘hypo.... ite,”’ 
is barred because this name is reserved by custom for 
the still undiscovered hydroxylated acid whose acid- 
forming element is univalent iron. (This interpreta- 
tion of the rule necessarily follows if the acid, H;FeOs, 
is properly named ferrous acid, and contains tervalent 
iron.) 

The third example will be the derivation of the for- 
mula for hexaaquochromium (III) chloride [Cr(H20)6]- 
Cl;. Chromium (III) hydroxide, Cr(OH)3 or H3CrOs, 
the initial material, furnishes the orthochromite ion, 
CrO;=. We have seen that 30- can be replaced by 
6CN~-. But, in complex chemistry, one cyanide ion, 
or one chloride ion, is equivalent in replacing power to 
one molecule of water. Therefore 30= can be replaced 
by 6H.0O. However, since 30= carries a charge of 
minus six, and 6H,O has no charge whatever, the dis- 
placement of 30-, 7. e., six units of negative charge, 
from the orthochromite ion will increase the latter’s 
charge from minus three to plus three, while the intro- 
duction of 6H:O will not affect the charge. So the re- 
sulting ion will have the formula [Cr(H2O).|*+**, and 


the product sought will have the formula [Cr(H2O)¢]Cls. 
In like manner one can derive the formula of the com- 


plex ion [Cu(NHs3)4]++. Starting with copper (II) 
hydroxide, Cu(OH)2 or HeCuOs, the cuprate ion, CuO2=, 
may be obtained through ionization. Now in complex 
chemistry 20= can be replaced by 4NH;. But, when 
20= with its four units of negative charge is removed 
from the cuprate ion, the charge of the latter ion in- 
creases to plus two, and the introduction of 4NH3; 
leaves the new charge of plus two unchanged. So the 
formula of the complex ion is [Cu(NHs),4]**. 


An important question now arises. How is one to 
recognize this class of compounds which is variously 
designated as complex, higher order, or coérdinated? 
If the word complex means complicated, are we to 
believe K;Fe(CN). is complicated, while H;FeQO; is 
not? Does the name “higher order,’ retain more 
than historic interest? Does the term ‘‘coérdination,”’ 
in its modern chemical sense, apply any more to Fe- 
(CN)s= than to FeO;=? If the general thesis of this 
paper is sound, perhaps it would be advisable to re- 
serve a name, say “complex,” for that group of com- 
pounds which may be regarded as substitution deriva- 
tives of hydroxylated acids. However, if this defini- 
tion of a complex be adopted, many compounds not 
generally classified as complex will have to be included 
in the category. Several of this type will now be con- 
sidered briefly. 


With the next example, sodium thiosulfate, Nae- 
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S203, replace one oxide in a sulfate ion with one sulfide 
ion and produce [SO;S]=. According to Section D of 
the Rules Committee, the name of the salt is sodium 
thiosulfate. Offhand one might be more inclined to 
use the name, sodium sulfosulfate, because in complex 
chemistry a chloride ion substitution yields a chloro- 
derivative; so a sulfide ion substitution should give a 
sulfo- derivative. 

For potassium dichromate, KsCr2O;, start with two 
chromate ions; replace one oxide ion in one chromate 
ion with the second chromate ion, and have the chroma- 
tochromate ion [CrO;-CrO,|=. The salt should then 
be called potassium chromatochromate. 

To derive potassium triiodide, KI;, start with one 
hypoiodite ion, IO, and two iodide ions, 2I-~. Replace 
the oxide ion in the hypoiodite ion with 2I-, and have 
the iodohypoiodite ion [IIz]~. No evidence is offered 
in support of the correctness of this constitution, which 
differs sharply from that generally accepted, namely, 
that the “‘triiodide’”’ ion represents some sort of union 
between free iodine, Is, and an iodide ion, I~. Needless 
to say, both points of view lead to the same quantita- 
tive results in iodimetry. This paper gives to the salt 
the name potassium iodohypoiodite. 

For a last example, let us take ammonium phospho- 
molybdate, listed by the Rules Committee, Section F, 
as ammonium dodecamolybdophosphate (NH4)3POx- 
12MoO;. Start with one phosphate ion, PO,=, and 
twelve molybdate ions, 12MoO,;-. Replace 40> in 
PO; with 4MoO,-, and produce the tetramolybdato- 
orthophosphate ion [P(Mo0Q,),|=. Next replace 20= 
in each of the four previously introduced molybdate 
ions with 2MoO,-, and obtain as the final product 
(N H4)3[P(MoO2)4(MoO,)s], which this paper is n- 
clined to call, ammonium octamolybdatotetramolyb- 
datoorthophosphate. This proposed constitution, 
whose correctness is subject to verification by x-ray 
analysis, appears capable of accounting for the ‘‘yellow 
precipitate’s” well-known irregularity of composition. 
The completeness of double substitution, -7. e., 
substitution into previously substituted ions, especi- 
ally when the substituents are as voluminous as the 
molybdate ion, would naturally depend upon the condi- 
tions, such as temperature, concentration, and duration 
of time. 

In view of the material presented, it appears that 
complex compounds differ from hydroxylated acids 
only in that oxygen atoms of the latter are replaced in 
the former by other atoms or groups of atoms, and that 
the first may be regarded as true derivatives of the 
second. When the case is considered in this light, it 
seems only natural that the naming of complexes should 
follow closely the well-established nomenclature of 
hydroxylated acids, certain modifying terms, like 
chloro-, sulfato-, aquo-, etc., being inserted in the 
Werner manner to call attention to the substituents. 
The principle of substitution, as developed, not only 
dissipates much of the mystery enshrouding com- 
plexes, but offers a basis upon which to formulate a 
definition of this type of compound. 












NE OF THE very important topics of the moment 

in the food field is the use of alternates for products 
which are scarce or unavailable. It appears that the 
supply of bread grain is adequate and that alternates 
for wheat flour are very unlikely to be used. Not 
more than 80% of the 1941 sugar supply is available, 
but there are other products which can be used for 
sweetness, such as malt syrups, corn syrups, and 
dextrose. 

The new reduction in ice-cream production to 65% 
of 1941 quantity has released some milk solids for use 
in baking. Milk is a natural complementary nutrient 
to wheat flour. Cake is essential in the American diet, 
and it is better to reduce the quantity of cake produced 
than to lower its quality, as was done in England. 
By adding sugar to it, soyamilk might become a sub- 
stitute for milk. 

Spices and flavors are very short, particularly cin- 
namon, caraway, and paprika. Dill is a good sub- 
stitute for caraway. There are some synthetic mix- 
tures, flavored with oil, that are acceptable as spice sub- 
stitutes and may be used even after the war. The pub- 
lic may become used to flavors now being produced and 
continue them after the war. ‘Mouth feel’ will 
probably remain of prime interest. 

There is no nutritional equivalent for chocolate. 
Many alternates have not even been tried out before 
being put on the market. The main substitutes for 


such products are cereals, roasted or given other treat- 
ments to give color, but the flavor and nutritive value of 
chocolate is missing. 

Oatmeal baked at 200 to 250°F., with sugar added, 
makes a good topping material, as an alternate for 
coconut. 

















Photo by Office of War Information 
Ice Box RIVETS 
Even the ice box has its place in the modern aircraft assembly 
line. Certain types of rivets fit more perfectly when they are 
installed in the cold or shrunken state. An operator is shown 
here removing a supply of rivets from dry ice in the Long Beach, 
California, plant of the Douglas Aircraft Company. 
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Algins from seaweed are being used successfully as 
alternates for agar and to a certain extent for pectin. 
When used for the latter purpose, they must be ad- 
justed to a pH of about 3.5. 


e@ The relationship between the soap and the synthetic 
rubber industries was brought out recently by Dr. 
Robert Yohe of the B. F. Goodrich Company’s chemi- 
cal division, who said that the national synthetic 
rubber production program, when in full stride, will 
use enough soap every day to make “a soap track 25 
miles long if made into ordinary laundry-size bars.”’ 
On the basis of daily needs, he said, the man-made 
latex required for the 900,000 tons of synthetic rubber 
a year would fill a tank-car train nearly two miles long, 
while the main component of that latex, 98.5 per cent 
pure butadiene—‘‘a material which four years ago was 
hardly more than a laboratory oddity’’—would fill 100 
tank cars. To season the gigantic mix will take ‘a 
pinch of” 500,000 pounds of common table salt daily! 


@ Seeds of the rubber-bearing Russian dandelion—the 
kok-sagyz plant which at last report the Soviets were 
cultivating on a 2,000,000-acre area as a recognized 
source of crude natural rubber—were planted and grown 
in 100 different test locations in the United States last 
year after being flown to this country from Moscow. 

Two other promising rubber-bearing plants—the 
cryptostegia vine and guayule shrub—are also being 
cultivated experimentally as part of a search for possible 
North American agricultural sources of rubber. 

One fact established by the first test on kok-sagyz, 
it has been said, was that “‘the crops grown in the 
northern tier of states were successful in a number 
of cases, although it had been widely believed that 
rubber-producing trees and plants require a_ tropic 
climate.”’ 


e@ Those interested in new suggestions for demon- 
stration experiments will appreciate ‘‘A Science Club 
Program on Light’ in the March issue of Science 
Studies, St. Bonaventure College, St. Bonaventure, 
New York. 


e Dr. Leonard Carmichael, Director of the National 
Roster of Scientific and Specialized Personnel, address- 
ing the Science Talent Institute, told the forty winners 
of Second Science Talent Search: “I should like to 
emphasize the fact that, in the opinion of all those who 
have considered the matter, it is your patriotic duty to 
advance as rapidly as possible in scientific proficiency 
and it is also your patriotic duty to postpone your 
immediate entrance into the armed services so that you 
may gain in professional knowledge in science and en- 
gineering and thus be able to serve the nation through 
your specialized skills.”’ 
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A Simple Derivation of 
the Existence of a Critical Temperature 


FRIEDRICH L. HAHN 


Instituto Quimico—Agricola Nacional, Guatemala, Gautemala, Central America 


(Translated by Ralph E. Oesper, University of Cincinnati) 


ANY students come from high school improperly 
prepared to continue their chemical training at 
the college level. The principal defect arises from the 
common practice of requiring them to memorize far 
too many facts and definitions, which they must accept 
at face value, without any opportunity to check them 
by logical development or experiment. Ordinarily 
little attempt is made to correlate these definitions 
properly. The inevitable result is a lamentable con- 
fusion of these ideas, that have been learned by rote 
and recited parrot-fashion. Heat and temperature, 
boiling and evaporation, transition point and critical 
temperature are often regarded as Synonymous. A 
little quizzing will demonstrate all too soon that few, 
if any, of the group can correctly define and differenti- 
ate such fundamental concepts. Consequently, the 
instructor finds that an important part of his task 
is to develop a clear understanding of such ideas. He 
will be amply rewarded when he observes how thor- 
oughly his students learn to appreciate his efforts along 
these lines. 

The problem is particularly difficult when the con- 
cept cannot be derived mathematically, either because 
the requisite mathematical skill is beyond the student’s 
range, or when the idea cannot be made understand- 
able by recourse to ordinary logical reasoning, inas- 
much’ as the facts themselves do not seem logical. A 
typical example is the existence of a critical tempera- 
ture. There is nothing logical about the fact that 
hundreds of millions of atmospheres of pressure are not 
enough to liquefy. water vapor at 375°C., while 218 at- 
mospheres suffice at 374°C. None the less, this seeming 
anomaly can be explained and made intelligible by a 
perfectly logical study of the situation. 

Every student will know that a liquid expands when 
its temperature is raised, that is, its density becomes 
less. A short discussion will also teach the class that 
when a liquid is confined in a partly filled vessel, an 
equilibrium is soon reached between the liquid and its 
vapor, and the higher the temperature the more mole- 
cules in the vapor space. The class should now be told 
to plot the density of the liquid, that is, its weight per 
unit volume, as a function of the temperature. It 
should be impressed on the students that the curve will 
not represent the actual data, but the important point 


is to establish the type of the graph. With perhaps a 
little aid, the L-curve of the diagram (Figure 1) is 
easily developed. Should some of the class attempt to 
draw this curve convex to the temperature-axis, a few 
leading questions will soon convince them of the fal- 
lacious consequence. As the temperature continues 
to rise, the expansion would eventually cease or it might 
even be reversed, an obvious impossibility. 

How will the density of the saturated vapor change 
as the temperature rises? Again a few judicious ques- 
tions are sure to bring out the correct response. Since 
many more molecules enter the vapor space with each 
rise in temperature, the density of the vapor must 
increase considerably. The class is now asked to plot 
the V-curve. It will become apparent almost immedi- 
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FiGuRE 1.—DeENnsITy OF A LIQUID AND OF ITS SATURATED VAPOR 
AS A FUNCTION OF ITS TEMPERATURE (SCHEMATIC) 
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ately that the two curves must intersect at some point, 
no matter what the actual position of the curves refer- 
ring to a particular liquid. 

The students, quite independently, will now draw 
the conclusion that at the temperature corresponding 
to this point, and all the more so at any higher tem- 
perature, there can no longer be any difference be- 
tween the liquid and its vapor. In other words, at 
temperatures higher than this (the critical tempera- 
ture), the liquid cannot exist, no matter how much 
pressure is imposed. 

Practically always at this point in the discussion, 
some one asks: ‘‘May it not alternatively be assumed 
that the vapor disappears and only liquid remains?” 
This question serves as a lead to correct the only inac- 
curacy that has been carried along through all the 
derivation. As a matter of fact, the curves do not 
intersect; rather, they merge into each other (broken 


Elementary Spark 





N VIEW of the increasing use of the spectroscope in 

both qualitative and industrial quantitative analysis 
we decided to place increased emphasis on this type of 
work in our qualitative analysis courses. To achieve 
this we have been using the following simple and cheap 
apparatus. 

The spectroscope is a grating instrument with a wave- 
length scale. This has been improved by covering the 
manufacturer's name plate with black paper to elimi- 
nate disturbing reflections and by placing a one-diopter 
spectacle lens over the grating. The latter enlarges 
both the spectrum and the scale. Finally, the slit is 
removed so as to admit more light. The image of the 
spark is used instead of the usual slit. This image is 
produced by a 250-ml. Florence flask filled with dis- 
tilled watet and functioning as a condensing lens. It is 
located about 10 cm. from the spark gap and 20 cm. 
from the spectroscope opening. 

The spark gap consists of a 20-cm. length of 6-mm. 
glass rod fitted with two No. 5, 2-hole rubber stoppers 
and two metal mechanical pencils with short pieces of 
platinum or tungsten wire instead of leads, spaced 4 to 
8 mm. apart. 

The coil used as a spark source is a Ford spark coil in 
parallel with a small improvised condenser consisting 
of a 250-ml. Erlenmeyer flask, two-thirds full of a weak 
salt solution, in which is placed a test tube, 18 X 2 cm., 
likewise two-thirds full of salt solution. The capacity 
of this combination can be varied by raising the test 
tube and clamping it in position with a test tube holder. 
The effect of varying the capacity and the width of the 
gap should be noted and both adjusted for maximum 
intensity and persistency of spark. 











Spectrum Analysis 
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line). The instructor should now discuss highly com- 
pressed gases. He should point out that they are so 
much like liquids that the transformation is not sudden 
but occurs almost continuously. He can profitably 
introduce the terms “‘liquiform”’ and “‘gasiform,’’ that is, 
a fluid that forms drops, and a fluid that is gaseous. 
The question that was raised can moreover be answered 
by pointing out that every vapor (gas) possesses the 
general characteristic that it homogeneously occupies 
any space in which it is confined. This occurs at the 
critical point; the boundary between the phases dis- 
appears. Accordingly, it is quite correct to state that 
liquid is no longer present, and the vessel contains only 
vapor. 

This is a typical instance of the manner in which 
many of the basic concepts of general chemistry can be 
derived, and made comprehensible, in a quite simple 


way. 










The unknown is admitted to the spark on a narrow 
strip of filter paper about 3 mm. wide, inserted in a 
length of glass tube which is held in position by a one- 
hole stopper and a burette clamp attached to the 





FicureE 1.—C, CONDENSER FLASK; S, GRATING SPECTROSCOPE; 
H, SAMPLE HOLDER; G, SPARK Gap; V, VARIABLE CONDENSER; 
F, Forp Cor 


spark-gap stand. Because of the small amount of 
power produced by this coil the lines do not always ex- 
tend across the spectrum, but appear on the spectrum 
as dots of light at top, bottom, or both. At one time a 
Toepler-Holtz static machine was used as the spark 
source with excellent results. On another occasion a 
small Tesla coil served the same purpose. 


















The New Almaden Mine, 
The First Chemical Industry in California 


HENRY M. LEICESTER 


College of Physicians and Surgeons, San Francisco, California 


HEMISTRY and chemical industries developed 

relatively late in the history of California. Al- 
though the coastline of the present state was first ex- 
plored by Cabrillo in 1542, and permanent settlements 
were effected in 1769, it was not until the excitement of 
the gold rush was over and a more settled society had 
been organized, that anything approaching the formal 
development of chemistry occurred. 

It is true that the early Spanish settlers, living close 
to the missions which formed a chain along the coast 
from San Diego to a few miles north of San Francisco, 
had, of necessity, manufactured most of their require- 
ments on the spot, but the soap boiling, tanning and 
other chemical processes which they carried on were 
essentially responses to local and individual needs. 
It was during the period of Mexican control that the 
first steps were taken to conduct a chemical process on 
a large scale. This was the refining of mercury, which 
resulted from the discovery of the New Almaden 
mine, and it may properly be called the first chemical 
industry in the west. It offers an excellent example of 
the difficulties encountered in attempting to carry out 
even such a simple process as the roasting of cinnabar 
under the primitive conditions which prevailed in the 
then remote province of Alta California. 

The Indians living in the vicinity of the Mission 
Santa Clara, about fifty miles south of the present city 
of San Francisco, had long been accustomed to decorate 
themselves with red and yellow pigments, which they 
obtained from a spot in the Coast Range about fifteen 
miles from the Mission. The place was known to 
them as the Cave of the Red Earth, and they con- 
sidered it the home of a devil, whom they propitiated 
with offerings of feathers. When the Mission was 
built, the Indian converts used the pigments to paint 
the walls. 

It was clear to the Spanish settlers that some sort of 
ore lay concealed in the hills, and in 1824 Antonio Suiiol 
and Pedro Chaboya set up a mill and tried to work the 
ore for silver. This attempt naturally failed, since 
there was no silver in the vicinity, and the mine was 
soon abandoned (1). However, news of the attempts 
spread, and it was generally known to all Californians 
of the neighborhood that the ‘‘Mine of the Chaboyas’” 
was located not far from Santa Clara. 

In the autumn of 1845, the authorities in Mexico 
City became alarmed at the rapid growth of the settle- 


ment of Sutter’s Fort, now Sacramento, and decided 
to try to buy out the energetic Swiss, Johann Sutter, 
who was establishing what was almost an independent 
empire in the heart of the great central valley of Califor- 
nia. For the task they selected Captain Andres Cas- 
tillero of the Mexican Army, who had previously shown 
considerable diplomatic skill in adjusting one of the 
political disputes which were a characteristic feature of 
Mexican California (2). Although Captain Castillero 
was thus in military service, he had been trained in 
chemistry and metallurgy at the College of Mines in 
Mexico City, and he retained a great interest in these 
subjects. 

He arrived at Monterey, the capital, in the autumn 
of 1845, and in November he set out with Don Jose 
Castro, the military commandant, for Sutter’s Fort. 
During the ride northward, Castillero continually de- 
layed the party while he prospected the near-by hills 
for signs of precious metals. As the party approached 
Mission Santa Clara, Castro remembered the old 
‘““Mine of the Chaboyas’ ”’ and mentioned it to Castil- 
lero. Assoon as the Mission was reached, Don Andres 
hurried off to visit the spot, and after a brief exploration 
he decided that the mine contained gold and silver. 
His duty required him to go on to Sutter’s Fort, but his 
interest in the mine remained, and as soon as he had 
completed his attempt to buy out Sutter, an attempt 
which failed completely, he hastened back to Santa 
Clara to make a more detailed investigation (3). 

In his haste to lay claim to his discovery, Castillero 
made only a very superficial examination before filing, 
on November 22, 1845, a formal ‘“‘denunciation”’ of the 
mine as the claim was called in the phraseology of 
Spanish mining law. He claimed to have discovered a 
vein of silver with ati alloy of gold. However, he was 
not entirely satisfied with his conclusions, and continued 
his attempts to assay the ore. At this time, Jacob P. 
Leese, the builder of the first permanent house in the 
village of Yerba Buena, which is now San Francisco, 
came to Santa Clara on a visit. He was in time to 
witness the successful identification of the ore by Castil- 
lero, and he later told of it as follows: 


“He [Castillero] said he thought he knew what it was; if it was 
what he supposed it was, he had made his fortune. We were 
anxious to know what it was. He got up from the table and 
ordered the servant to pulverize a portion of the ore; after it 
was pulverized, he ordered the servant to bring in a hollow tile 
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full of lighted coals; he took some of the powdered ore and threw 
it on the coals; after it got perfectly hot he took a tumbler of 
water and sprinkled it on the coals with his fingers; he then 
emptied the tumbler and put it over the coals upside down; then 
took the tumbler off and went to the light to look at it; then made 
the remark that it was what he supposed it was, ‘quicksilver.’ 
He showed all who were there the tumbler, and we found that it 
was frosted with minute globules of the metal, which Castillero 
collected with his finger, and said it was quicksilver (4).” 


Now that he knew what he had really found, Castil- 
lero at once filed a second ‘‘denunciation”’ on December 
3, 1845, this time stating that “he has taken out also 
liquid quicksilver, in the presence of some bystanders.” 
It is an interesting illustration of the remoteness of the 
province that he added that he was forced to file the 
claim on ordinary paper, since none of the official 
stamped variety was available in the Pueblo of San 
Jose (5). 


From Barilett’s ‘Personal Narrative” 
THE NEw ALMADEN MINE IN 1852 


The discovery of a mercury mine at this time was 
particularly fortunate. Almost the only source of the 
metal was the famous mine at Almaden in Spain, which 
had been worked very crudely since the time of the 
Phoenicians. In 1831, the banking house of Rothschild 
had contracted with the Spanish government for the 
entire output of this mine, and the monopoly which 
they thus obtained permitted them to more than 
double the price of mercury (6). The Mexican govern- 
ment was therefore especially anxious to obtain a new 
source of the metal, and Castillero was fully aware of the 
importance of what he had discovered. 

He now attempted a more accurate assay of the 
ore. For this purpose he used a musket barrel whose 
touchhole was plugged with clay. The powdered ore 
was placed in the barrel and the muzzle dipped into 
water. A fire was built around the end of the barrel 
which contained the ore. The mercury which col- 
lected in the water was drawn off and weighed. This 
crude method gave values for the mercury content of as 
high as 30% (7). 
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Castillero was filled with enthusiasm for his dis- 
covery. He distilled a quantity of mercury through 
gun barrels and sent specimens to Pio Pico, the Gover- 
nor, and to most of the leading men of California, 
claiming he had found a ‘‘mine of quicksilver, of ores cer- 
tainly as rich as were ever seen before, not only in the 
republic, but perhaps in all the world (8).” Further 
specimens were sent to his old teachers in the College of 
Mines in Mexico City, where the professor of chemistry, 
Don Manuel Herrera, analyzed them, and reported an 
average mercury content of 35.5%, with some pieces so 
rich as to be practically pure cinnabar (9). Castillero 
had requested a subsidy of $5000 to buy retorts and 
flasks. After some discussion, this sum was granted 
by the authorities, but the outbreak of the Mexican 
War prevented the supplies from ever reaching Cali- 
fornia. 

Meanwhile Castillero formed a company in which 
the shares were divided between himself, General 
Castro, the Robles brothers, who had helped start the 
mining, and Father Real, the priest of Mission Santa 
Clara. He hired William Chard, an immigrant who 
had just arrived from New York, as superintendent and 
a few Indians to serve as miners. In the spring of 
1846, he returned to Mexico leaving Father Real in 
charge of the mine. 

For a time Chard continued to extract the mercury 
by the gun barrel method, but this yielded only one- 
half to one ounce per barrel. Under Father Real’s 
direction, he therefore built a large adobe furnace, 
divided into a lower compartment for the fire, and an 
upper for the ore. Pipes were built into the upper com- 
partment to lead off the mercury vapors, but the fur- 
nace was otherwise sealed up. The first time this fur- 
nace was used, it “got hot and burst,” as Chard said, 
and this method was not tried again. 

Meanwhile Father Real had obtained several large 
whaler’s try pots from Monterey, and these were 
brought to the mine. A trough of water was placed 
in a hole dug in the ground and iron bars were placed 
above it. Parts of an old copper still were put in to 
lead the mercury vapors down into the water. The 
ore was then piled on the grating and a try pot was in- 
verted over the heap. A fire was built around the pot, 
and the vapors which condensed fell into the trough 
below. This method proved more successful, and was 
used until 1850. Naturally, the vapors escaped very 
easily, and those who worked near this crude still 
quickly showed the symptoms of mercury poisoning 
(10). 

In 1848, the Rev. C. S. Lyman visited the mine, and 
sent a description of what he saw to Silliman’s Journal 
(11). The pot method was still in use, though the pots 
were now surrounded by adobe furnaces. A charge of 
400 pounds of ore was heated for a day, the furnace 
was then allowed to cool overnight, and the next day 50 
to 75 pounds of mercury were dipped from the troughs. 
Lyman, whose letter was dated March 24, 1848, closed 
with the brief sentences, ‘“Gold has recently been found 
on the Sacramento, near Sutter’s Fort. It occurs in 
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small masses in the sands of a new mill race, and is said 
to promise well.’’ The discovery thus casually men- 
tioned led to the great California gold rush of 1849, but 
the gold mines then opened up would not have been 
nearly as easily operated if a supply of mercury for 
amalgamation had not been located so close at hand. 

During 1846, most of the shares in Castillero’s com- 
pany came into the possession of the English firm of 
Barron, Forbes, and Co., of Tepic, Mexico. They 
gave the mine its present name of New Almaden, and 
attempted to send a shipment of retorts, but the ship 
which carried the supplies was captured by the United 
States and the cargo seized. However, after the Mexi- 
can war ended and California became a state in 1850, 
the mine was rapidly developed. Tunnels were driven 
into the hillside, and the various levels were connected 
by notched logs, which were preferred to ladders by the 
Mexicans and Indians who worked as miners. The 
ore was carried by mule trains to the furnaces, which 
were set up about two miles below the mine entrance 
(12). 

In 1856, Dr. Ruschenberger of the U. S. Navy visited 
and described the mine (13). The furnaces at this 
time were built of brick, and consisted of eight to ten 
chambers (see illustration). In the first chamber, a 
wood fire was built. A brick lattice separated this 
from the next chamber, in which a 10,000-pound charge 
of ore was piled. The following chambers, which acted 
as condensers, had alternate openings in the upper right 
or lower left corners of the partitions which separated 
them, so that the vapors followed a winding path 
through the structure. A sloping gutter along the 
floor led off the condensed mercury. At the end of 
the series of condensing chambers the fumes passed 
through a shower of water, and were then vented 
through tall chimneys. Fourteen such furnaces were 
built in the open, protected only by a wooden roof, to 
prevent poisoning of the operators, but even so, saliva- 
tion was common, and the workers had to be changed 
frequently. The process was far from efficient, for 
Ruschenberger noted that the troughs which led off 
the waste waters were lined with mercury, and that the 
waste water itself contained very finely divided mer- 
cury, apparently, from his description, in colloidal 
suspension. 

The New’ Almaden Mine quickly became famous 
throughout California, and very few of the eastern 
visitors who made trips through the state and returned 
home to write of their experiences, failed to include a 
chapter on the New Almaden, which they considered 
one of the wonders of the state, and equal in interest 
to the Yosemite or the big trees. In 1859 it became still 
more famous, since a very complex law suit developed 
from the confused state of Castillero’s claim and the 
conflicting interests of several claimants, including the 
United States Government. Practicaily every well- 
known figure in California testified at one time or an- 
other during the three years which the case lasted. 
The mine itself was closed during this period. Even 
after the Supreme Court had rendered its decision, the 
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matter was not settled. President Lincoln was dragged 
into a political scandal and open warfare nearly broke 
out between two companies which claimed or occupied 
the property. At last, in 1863, the matter was settled, 
and the mine was once more opened (14). 

A railway was built to bring the ore to the furnaces. 
Cornish miners were brought from England to increase 
the efficiency of operation, and the little town of New 
Almaden in the canyon at the foot of the mine hill be- 
came a prosperous community. In 1875, when the 
highest grade ore was practically worked out, Robert 
Scott invented the vertical shaft furnace which bears 
his name, and which permitted the mine to work lower 
grade ores at a profit. This furnace became standard 
throughout the world for the recovery of mercury until 
the invention of the rotary kiln in 1918. By then, how- 
ever, the New Almaden was practically worked out, 
and in 1930 it was finally abandoned, after having pro- 
duced 1,066,000 flasks of mercury during its operation 
(15). Most of the machinery was moved away, and the 
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only relics left of the mine were the little cemetery high 
up on the hillside, and two tall brick chimneys which 
had formed part of the furnaces. 

At the present time the demand for mercury has 
caused a resumption of work on the old creek bed in 
which much of the waste rock was dumped, and the 
tailings are being worked again, but this is apparently 
only a temporary condition, and it is unlikely that 
the mine will ever attain again its former importance. 
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A New Reaction of Sulfanilamide 


WILLARD T. SOMERVILLE, Elmhurst, Long Island 


ULFANILAMIDE  (4-aminobenzenesulfonamide) 

produces a beautiful bright orange coloration 
with substances containing lignin. This reaction 
affords a simple means of determining the presence 
of lignin in paper, wood, and various vegetable fibers. 

This so-called “‘hadromal’’ color reaction has been 
observed by several other investigators. Benzidine 
(1), tolidine (2), quinoline (3), 2,6-diaminopyridine 
(4), sulfanilic acid (5), meta nitro phenol (5), ortho 
and para toluidines (7), aniline (10), and alpha naph- 
thylamine have been reported to give colored com- 
pounds in the presence of lignin. 

This reaction is not due to lignin itself, as lignin 
which has been subjected to the action of a mild oxidiz- 
ing agent in dilute solution loses its power to produce 
the reaction. It is generally believed that the re- 
action is caused by minute traces of a substance in- 
variably accompanying lignin (5, 6). Klason (8) 
states that the ‘lignin’ reactions with amines are 
true aldehyde reactions. Spectroscopic examination 
indicates that there is one predominating color-produc- 
ing aldehyde in wood and that this is coniferyl al- 
dehyde. 

The reaction between vanillin, which is chemically 
similar to coniferyl aldehyde, and sulfanilamide leads 
to the formation of an anil (9). The compound from 
sulfanilamide and coniferyl aldehyde, the orange 
compound formed in the reaction, may be formulated 


as follows: 
CH=CH—CH=N< »SO2NH2 


OCH; 
OH 


In the following table various substances are classi- 
fied as to their reaction with the sulfanilamide reagent. 


Negative Reaction 
Bleached sulfite pulp 
Bleached soda pulp 
Bleached rag 


Positive Reaction 


Wood 

Mechanical wood pulp 

Unbleached sulfite (very faint reac- 
tion—pale yellow) 

Straw 

Sisal (yellow color) 

Coconut fiber 

Jute 


Raffia 
Hemp 
Cotton (bleached and unbleached) 
Linen 


Manila hemp and sisal fibers are very similar and it 
is quite difficult to distinguish between them. In the 
above table it is clearly shown that the sulfanilamide 
test affords a simple means of differentiation. 

The reagent used was a two per cent aqueous solution 
of sulfanilamide containing one per cent concentrated 
hydrochloric acid. The color develops within thirty 
seconds to one minute. In a series of mixtures of 
ground wood and bleached sulfite pulp graduated 
shades were obtained which were easily differentiated 
with the exception of the 90, 95, and 100 per cent 
mixtures. In these the difference was too small to be 
visible. The colors are much stronger and more 
easily differentiated than the pale yellow shades 
obtained with aniline sulfate. With dilute sodium 
hydroxide the color produced is changed to a pale 
yellow. 

The sulfanilamide hydrochloride reagent is quite 
stable and does not oxidize or discolor when kept for 
extended periods of time. In this respect it is superior 
to other reagents of this type. 


CONCLUSIONS 


A new color reaction between sulfanilamide and an 
aldehyde accompanying lignin is described. Its use 
in distinguishing between fibers and detecting ground 
wood in papers is indicated. Manila hemp and sisal 
are easily identified. The reaction produced with 
sulfanilamide is more satisfactory than the aniline sul- 
fate test, because the color is stronger and more easily 
recognizable. 


LITERATURE CITED 


(1) Van Zip, Pharm. Weekblad, 58, 1539-42 (1921). 

(2) WacENAAR, tbid., 70, 286-90 (1933). 

(3) CASTAROGLIONI, Atti accad. Lincei, 17, 469-73 (1933); 
C. A., 27, 5031 (1933). 

(4) Scuicxn, Svensk Pappers-Tidn., 39, 276 (1936). 

(5) Crocker, Ind. Eng. Chem., 13, 625-7 (1921). 

(6) Wrecuart, Paperi-Fabr., 37, Tech.-wiss. Tl., 17-24, 30-1 
(1939); C. A., 33, 3146 (1939). 

(7) CzapeK, Z. anal. Chem., 38, 715 (1899). 

(8) Kxason, Ber., 63B, 1981-3 (1930). 

(9) Ratiziss, CLEMENCE, SEVERAC, AND MOoETscH, 94th meet- 
ing of the A. C. S., Rochester, New York (1937). 

(10) CzapeEx, Z. physiol. Chem., 27, 141 (1899). 





An Easily Constructed 


Precision Melting Point Apparatus 


EDWARD O. HOLMES, JR. 


Boston University, Boston, Massachusetts 


| rag THE last two years the author has been engaged 
in a research problem involving the determination 
of phase diagrams by the micro-method. This work 
necessitated a melting point apparatus which would 
give precise and reproducible results to one-fifth of a 
degree. Neither the plain Thiele-Dennis apparatus 
nor any of its modifications with metallic jackets 
of various forms proved so reliable as the apparatus 
to be described. 

The following simple apparatus has given most 
satisfactory results over a long period of time. It 
consists of a 250-cc. beaker, three-quarters full of 
mineral oil, resting on an iron dish and containing a 
glass stirrer, as illustrated in Figure 1. 

A calibrated thermometer is susperided in the center 
of the beaker. The thermometer bulb is surrounded 
by a glass jacket made by drawing down a test tube 
until its internal diameter is about 1 mm. and then 
cutting it off at the narrowest point. This jacket is 
hung by two thin copper wires from a clamp on the 
thermometer stem in such a way as to enclose and 
surround the bulb of the thermometer. It serves 
two purposes: first, to hold one or more melting 
point tubes and, second, to keep the melting point 
tube and the thermometer bulb close to one another in 
a bath of oil partially insulated from the main body 
of the liquid. Thus they are not so likely to be af- 
fected by thermal differences occurring in the main 
body of the surrounding liquid. The jacket is wide 
open at the top and contains a small opening in the 
bottom allowing a small flow of oil from stirring, 
which prevents excessive thermal lag. 

Under the iron dish, which serves to diffuse the heat, 
is a microburner. No ordinary stopcock or screw 
clamp was found sensitive enough to regulate the 
burner flame so that the rate of heating could be 
made as small as desired—usually one degree in two 
or three minutes. 

In order to provide for this careful flame regulation, 
a Hoffman screw clamp was soldered to a brass plate 
through which had been drilled two holes near the 
opposite ends. The plate and attached clamp were 
fastened to a small wooden block by screws passing 
through the two holes. Then a stiff 1-mm. diameter 
brass rod was soldered to the milled thumbscrew of the 
clamp (see Figure 2). The gas hose leading to the 
burner was run through the clamp in the usual manner 
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FIGURE 1.—MELTING PoINt APPARATUS WITH GLASS JACKET 
SURROUNDING THERMOMETER BULB 


and now by turning the brass rod, which acted as a 
long handle, the rate of heating of the bath could be 
made as small as desired. 

The microburner was surrounded by a metal shield 
made by cutting the top and bottom out of a tin can. 
A focusing light was clamped in such a position that 
its beam illuminated the melting point tubes brilliantly. 
The author used a microscope lamp from a dark 
field illuminator. 
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FIGURE 2.—CONSTRUCTION OF VALVE FOR MICROBURNER 


The main feature of the apparatus is the glass 
jacket that surrounds the thermometer bulb, which 
serves to keep the bulb and the melting point tube 
at the same temperature and also to hold one or more 
melting point tubes. The other feature is the sensitive 


valve made from a Hoffman clamp which enables one 
to obtain extremely slow rates of heating. Both of 
these improvements are easily and inexpensively 
constructed. The rest of the apparatus is conven- 
tional. 


Spot Reaction Experiments 


Part III: Heterogeneous Reactions 
FRITZ FEIGL 
Laboratoria Central da Producao Mineral, Ministerio da Agricultura, Rio de Janeiro, Brazil 


(Translated by Ralph E. Oesper, University of Cincinnatt) 


NUMBER of experiments can be carried out to 
illustrate heterogeneous reactions. 

10. Condensation of Gases on the Surface of Finely 
Divided Platinum. Molecules on the free surface of a 
solid, that is on those parts that are in contact with 
gases or liquids, are in a different condition than those 
in the interior. The molecules in the interior are 
surrounded entirely by like molecules, either in dis- 
order (amorphous materials), or in definite spatial 
configurations (crystalline bodies). In both cases 
the cohesion is due to the activity and saturation of 
the binding forces of the atoms. The cohesive forces of 
the molecules of the free surface are, however, satisfied 
only toward the interior. Forces directed toward the 
exterior are still available and can be satisfied by mole- 
cules of foreign materials, which are thus held more or 
less firmly. This adhesion is known as sorption. 

Gases, liquids, or dissolved materials can be held by 
sorption (absorption and adsorption). The molecules 
held by sorption are in a state of condensation as com- 
pared with their original distribution; sometimes they 
are also in a more reactive form. Both of these effects 
may be responsible for the fact that certain reactions 
of gases or dissolved materials, which normally proceed 
slowly, are more rapid if they occur on the surface of 
solids on which they are sorbed. If the products of 
these reactions do not remain at the place of their 
origin, that is, on the surface, but break loose or are 
removed, the reaction continues by virtue of renewed 


sorption. The free surface of a solid can thus acceler- 
ate a reaction without actually participating in it. 
This type of catalysis, which takes place on the inter- 
face of two phases, is known as heterogeneous catalysis. 

A very familiar instance of catalysis due to the 
condensation of gaseous reactants on a free surface is 
the behavior of finely divided platinum or palladium. 
The following experiment demonstrates that sufficient 
gas (illuminating gas-air, or hydrogen-air) condenses 
and reacts on the surface of platinum or palladium 
to bring the metal to glowing (because of the heat of 
reaction). ' 

Procedure: One drop of 0.3 per cent palladium or 
platinum chloride solution is placed on thin asbestos 
paper and then evaporated. A spot of finely divided 
platinum or palladium is left. While the paper is still 
warm, the spot is held in a stream of illuminating gas 
and soon begins to glow. Hydrogen will also con- 
dense on the metal and will react there with the oxygen 
of the air. The hydrogen can be drawn from a Kipp 
apparatus and directed through a glass tube against 
the spot of metal. Exceedingly small quantities of 
platinum or palladium (0.04 y Pt) can be detected by 
this catalytic action. 

11. Reaction of Potassium Chromate and Manganese 
Dioxide with Activated Hydrochloric Acid. In speaking 
of catalyzed reactions it is common practice to state 
that a compound is “‘activated.’’ This designation is 
not quite correct because in the majority of catalyzed 
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reactions both participants of a reaction, whose normal 
rate is slow, are activated by a catalyst, or by its 
insertion into the reaction mechanism. The term 
“activation”’ is just as inexact as calling a reaction an 
“oxidation” or “reduction.” Actually it is both 
since no oxidation proceeds without concurrent re- 
duction and vice versa. Therefore, if certain cases 
are spoken of as oxidations or reductions, the material 
whose oxidation or reduction seems more important 
is purposely emphasized. ‘Activation’ is employed 
in this same way with respect to catalyzed reactions. 
The reactant whose heightened activity seems more 
important is thus purposely stressed. An example of 
this is presented in the following. 

An oxidizing action by potassium chromate or 
manganese dioxide is not surprising, since both these 
compounds are known to be strong oxidizing agents. 
On the other hand, a reduction of these by dilute 
hydrochloric acid is not normally expected. There- 
fore, if this reduction can be brought about with the 
aid of a catalyst there is justification for speaking of an 
“activation” of the hydrochloric acid, if the heightened 
activity of the acid seems worthy of emphasis. The 
following experiment demonstrates that this activation 
can be brought about by silver halides. This is an 
instance of heterogeneous catalysis. 

Concentrated hydrochloric acid reacts quickly with 
potassium chromate and manganese dioxide only if 
the temperature is raised. The equations for the re- 
actions can be written: 

2K2CrO, + 16HCI = 2CrCl; + 4KCl + 8H20 + 3Cl 
Mn0O,++ 4HCl = MnCl, + 2H20 + Cle 


Comparatively dilute hydrochloric acid reacts at 
room temperature so slowly that even after several 
hours no perceptible reaction has occurred. However, 
if a suspension of MnO; in 3 N hydrochloric acid, or 
a solution of potassium chromate containing hydro- 
chloric acid, is treated with a small quantity of a silver 


salt, a rapid reaction sets in. This is evidenced by the 
discharge of the color in one case and by the change 
from orange to green in the other. Consequently, 
the silver salts function as catalysts.! 

Since chloride and silver ions produce slightly soluble 
silver chloride, it seems logical to regard silver chloride 
as the catalyst. In fact, the same acceleration can be 
brought about by adding previously precipitated silver 
chloride. It may be shown also that the still less 
soluble silver halides, such as AgBr, AgI, and AgCN, 
likewise are capable of this catalytic activity. Con- 
sequently, it is justifiable to conclude that solid silver 
halides, in general, act as catalysts in these reactions, 
and that these are examples of heterogeneous catalysts. 

The mechanism of this effect obviously is that the 
silver halide adsorbs both hydrochloric acid and 
chromate (or chromic acid). Consequently the re- 
actants are condensed or concentrated on the surface. 

1 Lane, Z, anorg. Chem., 152, 201 (1926); Ber. 60, 1359 (1927). 


BOBTELSKY, ET AL., Z. anorg. Chem., 189, 196 (1930); 205, 401 
(1932); 209, 95 (19382). FrIGL AND FRAENKEL, Ber., 65, 544 


(1932). 
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The result is that the same conditions are then obtained 
as though chromic acid were brought into contact with 
concentrated hydrochloric acid.? It must be remembered 
that the condensation affects only the reactants that 
are adsorbed at the particular time. After the re- 
action has occurred, the surface of the silver halide is 
available again for further adsorption-concentration 
and reaction. This sequence is repeated until all 
the chromate has been reduced. The action is quite 
analogous when a fine suspension of manganese dioxide 
is used in place of a solution of chromate. 

Procedure: A solution is prepared by mixing 1.5 
ml. of 15 per cent potassium chromate solution with 
3.5 ml. of concentrated hydrochloric acid. Three 
drops of this mixture are placed in each of two adjacent 
depressions of a spot plate. A drop of water is added 
to one and a drop of 0.01 per cent silver nitrate solu- 
tion to the other. The silver-free solution remains un- 
changed, whereas the color of the other mixture rapidly 
turns brown and gradually becomes green. The ex- 
periment should be repeated, substituting minute 
quantities of washed, freshly precipitated AgCl, AgBr, 
and AglI for the silver nitrate. 

A colloidal solution of manganese dioxide may be 
used instead of the hydrochloric acid-chromate solu- 
tion. It is prepared by dissolving 0.6 g. of manganous 
sulfate in a mixture of 60 ml. water and 20 ml. con- 
centrated hydrochloric acid. Twenty ml. of 0.1 
N potassium permanganate solution are added and 
the mixture is shaken thoroughly. 

12. Detection of the Beginning of Precipitation 
Reactions before the Precipitate Has Become Visible. If 
insoluble compounds are formed in solutions as a 
result of chemical changes, the occurrence of the re- 
action is not perceived until the precipitate is actually 
seen. Precipitation reactions can be used for the 
detection or the determination of a material if a visible 
precipitate forms at even low concentrations. Con- 
sequently, if the reaction At + B~ — AB, leads to the 
production of a slightly soluble material, AB, the solu- 
bility product of AB should determine the sensitivity 
of a test, or the accuracy of the gravimetric procedure 
or titrimetric precipitation method. 

Experience, however, has shown that the solubility 
product of the precipitate is by no means the sole 
determinant of the sensitivity of a precipitation re- 
action. Sometimes it is easier to see the actual pre- 
cipitation of a compound that has a larger solubility 
product and higher solubility than it is to detect the 
deposition of a compound that possesses a much smaller 


2 The validity of the assumption that the reactants are con- 
centrated on the surface of the silver halide is supported by the 
following experiment. Three drops of 10 per cent potassium 
dichromate solution are placed in a depression of a spot plate, 
four drops of concentrated sulfuric acid are added, and the 
mixture is stirred with a thin glass rod. A heap of silver iodide 
(the size of a pea) is added and the suspension allowed to stand 
without stirring. Almost instantly, the entire surface of the 
silver iodide becomes dark brown. Condensation of sulfuric acid 
and chromate has‘led to the deposition of CrO;. The color dis- 
appears if about 10 drops of water are stirred in; bright yellow 
silver iodide is left. 
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solubility product or a lower solubility. A case in 
point is provided by mercuric sulfide and lead sulfide. 
Although the solubility product of HgS = 2 X 10-* 
and of PbS = 2 X 10-*8, the precipitation of lead 
sulfide is more conspicuous and can be seen with 
smaller quantities of the metal. If, furthermore, the 
quantities of a material that can actually be detected 
in a given volume by means of a visible precipitate 
are compared with the quantities that might be ex- 
pected to be visible on the basis of the insolubility of 
the compound, it will be found that these quantities 
by no means coincide. This is true of all precipitation 
reactions. The practical limits of identification repre- 
sent quantities that are greater by several powers of 
ten than the theoretical quantities computed from the 
solubility data and the solubility product. The 
reason for this apparent incongruity is that the de- 
velopment of solid phases in a solution can be detected 
by unaided visual observation only after the quantity 
of precipitate exceeds a certain threshold value. The 
color of the solid phase also plays a role. But entirely 
aside from the physiological inadequacy of human 
sight, the visible formation of a solid phase is, of 
itself, only the end-product of chemical and physical 
processes that cannot be represented by the usual 
stoichiometric formulation of a chemical reaction. 
The general ionic reaction just given expresses only the 
fate of the ionic species A+ and B~ up to the time of 
their union into the soluble single molecule AB. This 
however, is only the initial and shortest-lived stage of 
the total course of a precipitation reaction. It is 
followed by a series of events, such as hydration or 
dehydration, polymerization of single molecules, ag- 
gregation of polymerates, passage through colloidal 
stages, supersaturation, and crystallization. That 
which is observed as a precipitate is not even the last 
link of this chain. It is well known that the properties 
of freshly precipitated products often change consider- 
ably when the precipitate ages. This alteration is due 
to further changes that occur even in the solid state. 
The nature and rate of the partial processes that 
follow the primary ionic reaction are influenced by the 
nature of the reactants, their concentration, the 
presence of other solutes, and the temperature. Con- 
sequently, it cannot be logically.assumed that a pre- 
cipitation reaction does not begin until the precipitate 
is actually seen. The visible deposition represents 
only a single stage of the aggregation that takes place 
relatively long after the beginning of the reaction 
that is stoichiometrically expressed by the chemical 
equation. 

It can be proved that the visible production of a 
solid phase in a given reaction medium lags behind 
the primary chemical change. Reactions in which a 
gaseous product is formed along with a precipitate 
are used for this demonstration. If the gaseous re- 


action product is detected prior to the actual observa- 
tion of the solid it follows that the reaction must have 
occurred before the precipitate becomes visible. A 
portion of the aggregation process that follows the 
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stoichiometrically formulated reaction occurs during 
the interval between the detection of the gas and the 
first sight of the solid. 

The action of acid on sodium thiosulfate, and on 
potassium nickel cyanide, are used here because they 
produce both a precipitate and a gas. The respective 
equations are: 


Na2S,0; + 2HCl = 2NaCl + H.O + SO. +S 
K2Ni(CN), + 2HCl = 2KCl + 2HCN + Ni(CN)-2 


Under suitable conditions, the formation of SO, and 
HCN can be detected when there are as yet no signs 
of a turbidity due to the deposition of sulfur or nickel 
cyanide. This is possible despite the solubility of 
these gases in water, and even though the detection of 
the gases cannot be accomplished instantaneously, be- 
cause the detection reaction necessarily requires a cer- 
tain length of time for its execution. 

The detection of sulfur dioxide, following the acidi- 
fication of a thiosulfate solution and before the visible 
separation of sulfur, deserves consideration for the 
following additional reason. It is usually assumed 
that when sodium thiosulfate is acidified the first prod- 
uct is free, unstable thiosulfuric acid, (1), which then 
gradually decomposes into sulfur and sulfur dioxide, 
(2): 

Na2S.0; + 2HCl = 2NaCl + H2S.0; (1) 
H.S.0; = HO + SOQ. +S (2) 


Accordingly, the interval during which an acidified 
solution of sodium thiosulfate remains clear has always 
been taken as the life span of the thiosulfuric acid. 
The present experiments show, however, that its life, 
providing it has one, must, in any case, be shorter 
than this interval, because decomposition in the sense 
of equation (2) has already begun at the time of the 
detection of the sulfur dioxide, namely, before the 
visible separation of sulfur. 

The action of sulfur dioxide on a solution of ferric 
ferricyanide is used to detect the gas. The redox 
reactions can be expressed : 


2Fe+++ + SO. + 2H2O = 2Fett + SO," + 4Ht 


and 
2Fe(CN).* + SO, + 2H:O = 2Fe(CN) = + SO," + 4Ht 


Consequently, Fe+*+ ions are formed and they, in turn, 
react with unchanged Fe(CN)s= ions to produce 
Prussian blue. The other product, Fe(CN).= ions, 
reacts with unchanged Fet++* ions to form Turnbull’s 
blue. The sensitivity of this test for sulfur dioxide 
is due, therefore, to the fact that both of the reduction 
products participate in the production of deep blue 
compounds. Some sodium bicarbonate is added to the 
thiosulfate solution in the present experiments; ii 
evolves carbon dioxide when the acid is added and this 
aids in expelling the sulfur dioxide from the water. 

The hydrogen cyanide is detected through its re- 
action on a mixture of copper acetate and benzidine 
acetate; benzidine blue is formed. This oxidation 
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of benzidine is explained by assuming that prussic 
acid reacts with copper acetate: 


2Cut+ + 6CN- = Cu.(CN).- + (CN): 


Cyanogen has many of the characteristics of a free 
halogen, including oxidizing powers. 

Procedures: (A) Decomposition of Sodium Thio- 
sulfate. The apparatus (Figure 1) used by the writer 
can be made from materials available in every labo- 
ratory. The bulb is filled to a height of about 2.5 cm. 


- 














Ficure 1.—Gas Detection APPARATUS (ACTUAL SIZE) 


with 0.01 N thiosulfate solution. Several granules of 
sodium bicarbonate are added and the mixture is 
acidified with a few drops of 6 N hydrochloric acid. 
The apparatus is closed immediately with the stopper, 
whose knob has been freed of grease and then dipped 
into ferric ferricyanide solution. This reagent must be 
freshly prepared; it consists of 1 ml. of one per cent 
ferric chloride solution, 1 ml. of two per cent potassium 
ferricyanide solution, and 18 ml. of water. The closed 
apparatus is viewed against glossy black paper, which 
is held so that it extends up to the level of the liquid. 
After about 15 seconds the suspended drop of the yellow 
reagent solution becomes greenish and then gradually 
turns blue. The solution in the bulb is still perfectly 
clear and only after two minutes does a slight turbidity 
appear. It gradually becomes more dense. 
Accordingly, only 15 seconds after acidifying the 
thiosulfate solution, sulfur dioxide is formed in suffi- 
cient quantities to be detected easily in the relatively 
large space above the liquid. The reaction mixture 
is still perfectly clear. This proves that the sulfur, 
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which is formed concurrently with the sulfur dioxide, 
passes through a stage where it is not visible. It 
may be in true solution, or perhaps it forms a colloidal 
dispersion before it is transformed into a solid phase 
that can be seen. 

(6) Decomposition of Potassium Nickel Cyanide. 
A test tube, 5 cm. high and about | cm. in diameter, 
is filled to within about 1.5 cm. from the top with four 
per cent solution of K2Ni(CN)s The rest of the 
tube is then filled with 5 N acetic acid. A square of 
filter paper, on which a drop of copper-benzidine 
acetate solution has been placed, is immediately laid 
over the test tube. (The reagent, freshly prepared, 
is made by mixing equal parts of solutions I and II. 
Solution I contains 0.29 g. of copper acetate in 100 ml. 
of water. Solution II consists of 47.5 ml. of a solution 
of benzidine acetate, saturated at room temperature, 
and then diluted to 100 ml.) By holding the tube prop- 
erly, and observing from below, the formation of a 
blue color on the filter paper will be seen within several 
seconds. As soon as the color appears, the paper is 
removed and the clear solution is viewed against a 
dark background. A turbidity of nickel cyanide ap- 
pears after about one and one-half minutes, and slowly 
increases in intensity. The further development of 
prussic acid during the precipitation of the nickel 
cyanide can be shown by means of a fresh piece of the 
reagent paper. 

Accordingly, prussic acid is formed while the re- 
action mixture is still perfectly clear, and despite 
its solubility in water can be detected above the 
liquid. It is thus proved that the nickel cyanide, 
formed simultaneously with the prussic acid, remains 
in true or colloidal solution for a considerable time 
before it can be detected visually. 

This experiment permits an interesting calculation 
of the threshold quantity of nickel cyanide that must 
be exceeded before a visible deposition occurs. The 
identification limit of prussic acid is known to be 
0.25 y of HCN. Accepting this value, it can be 
calculated from the equation representing the de- 
composition of K,Ni(CN), by acid that two moles of 
HCN (54 g.) correspond to one mole of Ni(CN)2 (111 
g.). Consequently, at least 0.5 y of nickel cyanide 
must have been formed (although it was not visible) 
by the time 0.25 y of prussic acid was detected, that 
is, after three seconds. Nickel cyanide becomes 
visible only after 90-seconds. If, for the sake of sim- 
plicity, it is assumed that the rate at which the prussic 
acid forms remains constant, 15 y of nickel cyanide 
will be present when the threshold of visibility is 
reached after one and one-half minutes. If it is also 
considered that precipitated nickel cyanide is hydrated 
Ni(CN)2:7H20, twice this value is obtained for the 
weight of the precipitate actually involved. 


Amazing is the fact that the engine of a modern 400 mile-an-hour fighter plane 


“breathes in” about seven tons of air, nearly six times its own weight, every hour. 








The Chemical Philosophy of Thomas Sterry Hunt 


EDWARD R. ATKINSON 


University of New Hampshire, Durham, New Hampshire 


HE CHEMISTRY student of today is often un- 

aware of the fact that many of the chemical theories 
which now enjoy universal acceptance have achieved 
this state only after a prolonged period. He may be 
surprised to learn that as recently as 1920 there were 
popular texts in general chemistry which not only 
failed to use the ionization theory of Arrhenius but were 
even antagonistic toward this theory. At a time when 
the atomic-molecular hypothesis was over one hundred 
years old it was not acceptable to many noted chemists. 
Wilhelm Ostwald 
refused to accept 
it because he felt 
that chemistry 
should be stripped 
of as much hypo- 
thetical material 
as possible; ob- 
viously he did not 
agree with Helm- 
holtz when the 
latter remarked, 
“There is nothing 
more useful than a 
good theory.” In 
this country a noted 
chemist, Thomas 
Sterry Hunt, also 
refused to accept 
the hypothesis. In 
contrast to Ost- 
wald, Hunt had no 
dislike for theory 
in general, but he 
felt that the atomic- 
molecular hypothe- 
sis was inferior to 
other hypotheses 
which pertained 
to the chemi- 
cal nature of 
matter. 

Thomas Sterry 
Hunt was born at 
Norwich, Connecti- 
cut, in 1826. He was a student of the elder Silliman 
at Yale and then served as chemist and mineralogist 


with the Geological Survey of Canada until 1872. - 


During this period he was a founder of Laval Univer- 
sity and taught chemistry there and at McGill Uni- 





THOMAS STERRY Hunt (1826-1892) 


versity. He then returned to the States and suc- 
ceeded William Barton Rogers as professor of geology 
at the Massachusetts Institute of Technology. He 
later resigned this position to enter consulting work. 
Hunt was a Fellow of the Royal Society (1859), a mem- 
ber of the National Academy of Sciences (1873), presi- 
dent of the American Association for the Advance- 
ment of Science (1871), and twice served as president 
of the American Chemical Society (1879, 1888). His 
lifelong work with complex mineral substances was well 
known to the geolo- 
gists of America 
and of Europe. 
Organic chemists 
remember him as 
the first American 
chemist to define 
their science as the 
chemistry of the 
compounds of car- 
bon, and as_ the 
originator in 1854 
of a Type Theory 
which in some 
respects antici- 
pated that of 
Williamson and 
Gerhardt.! 

Hunt’s chemical 
philosophy was de- 
veloped during the 
period 1850-1885 
and was presented 
in a number of 
papers including 
that entitled “A 
century’s progress 
in chemical theory”’ 
which he read 
at the Priestley 
Centennial at 
Northumberland 
in 1874. These 
papers were 
summarized 
and published in book form in 1887. A second 
and revised edition of this work appeared a year 





1 For additional biographical data see L. C. Newell in “‘Dic- 
tionary of American biography,’’ Scribner’s, New York, 1932, 
Vol. 9, p. 393. 
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later and was translated into French and Russian.” 

Repelled by contradictions of the atomic hypothesis, 
Hunt chose to base his chemical philosophy on the 
principle of continuity of mass, a concept which de- 
scends from Pythagoras, Plato, Aristotle, and Kant. 
Chemical combination was not the union of atoms 
and molecules but was essentially an interpenetration 
of the masses involved so that the uniting bodies occu- 


pied the same space. The concept of hard indestruct- 


ible particles (atoms) which had been so successfully 
applied to chemistry one hundred years before by 
William Higgins and by Dalton was beyond the limits 
of sound philosophy. 

Chemical change was either combination or division. 
If a new species resulted the term metagenesis was used; 
if only a single species was involved the term meta- 
morphosis or polymerization was used. The new species 
formed in metagenesis gave no clue as to the composi- 
tion of the original species. For example, the mineral 
calcite did not consist of calcium, carbon, oxygen, or of 
calcium oxide and carbon dioxide just because these 
materials were formed when the calcite decomposed. 
Hunt did accept the existence of elements, but he did 
not believe in their discrete pre-existence within com- 
pound substances. All elements were polymers of an 
ideal element (following Prout) and this ideal element 
was responsible for the presence of certain spectral 
lines found in the light of the sun and nebulae. As 
these heavenly bodies cooled, the ideal element poly- 
merized, and because polymerization was an exo- 
thermic reaction, the liberated heat caused the tem- 
perature of the star to rise again; this was offered as 
an explanation for variable stars. 

The formation of a solution was a good example of 
a chemical process, for in the last analysis all chemical 
union was the formation of a mutual solution by the 
reacting species. Other typical chemical phenomena 
were condensation (polymerization) and evaporation 
(depolymerization). In these cases there should be a 
strictly quantitative relation between the equivalent 
weight and the specific gravity of liquids and solids.* 
The more dense a liquid, the more complete the poly- 
merization which occurred when the liquid was formed. 
The atomists held that this relation between equivalent 


2? Hunt, ‘‘A new basis for chemistry,’”’ S. E. Cassino, Boston, 
1888, 2nd ed. 

3In the discussion which follows the term molecular weight 
may be substituted for Hunt’s equivalent weight. Hunt never 
used the former for he did not believe that molecules existed. 
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weight and density was simply a measure of molecular 
volume. 

The equivalent weights of gaseous substances were 
easily derived from their vapor densities by the use of 
the “Law of Volumes,”’ hydrogen gas being used as a 
standard.‘ Some substances such as sulfur and iodine 
began to polymerize even in the gaseous state, but 
water did not show this peculiarity and so was chosen 
as a secondary standard. The density of steam was 
determined at standard conditions and the density of 
liquid water at the boiling point (Kopp). From these 
measurements it appeared that 1192 volumes of steam 
condensed to one volume of water. The equivalent 
weight of water was therefore 1192 XK 17.96 = 21,408 
(approx.). Hunt then assumed that the Law of 
Volumes held for the liquid and solid states and pro- 
ceeded to calculate the equivalent weight of any species 
by multiplying its specific gravity by 21,408. Such a 
procedure led to difficulties when dealing with a species 
such as calcium carbonate which existed in several 
crystalline modifications, each with its own peculiar 
specific gravity. Hunt avoided these difficulties by 
stating that each crystalline form was a distinct 
chemical species, differing from the others in degree of 
polymerization. This difference would of course ex- 
plain the variations in hardness and in reactivity 
toward acids which these minerals showed. 

Hunt insisted on a clear distinction between chem- 
istry and dynamics (elasticity, temperature, electricity, 
movements of gases). He believed that both were 
manifestations of a universal motivating force, but that 
Faraday and Helmholtz had no right to state that 
chemistry was concerned with molecular motion or 
with electrical forces. The atomic-molecular hypoth- 
esis was admittedly useful in the field of dynamics. 
Chemists, however, were concerned not with the com- 
position of a species as such—their true interest lay in 
the relation of one species to another. 

Looking back over fifty years we find much in Hunt’s 
chemical philosophy that is good, much that is stimu- 
lating. But the striking developments in physics and 
chemistry since his death in 1892 were made possible 
by the firm basis of the atomic-molecular hypothesis. 
The corpuscular concept has been extended to energy 
itself. Today, after one hundred and fifty years of in- 
creasing usefulness, the atomic-molecular theory has 
gained universal acceptance. 

4 This ‘Law of Volumes” is simply a combination of Gay- 
Lussac’s Law and the then emerging hypothesis of Avogadro. 


Note that these same factors served as a basis for the determina- 
tion of molecular weight by the atomists. Hunt was aware of this. 





Wool felt is proving to be a worthy pinch-hitter for vitally needed rubber. In- 
creasing quantities of wool felt are used for the manufacture of washers, gaskets, and 
a variety of intricate parts formerly produced from rubber. 

Approximately 500,000 pounds of rubber have been conserved in this way during the 
past six months for vital war production where no replacement is possible, the Con- 


servation Division announced recently, urging more widespread use of this substitute. 





Alpha-Picoline Methiodide 


as a Reagent for Bismuth 


KENNETH WHELAN and FRANK J. WELCHER 


Indiana University Extension Division, Indianapolis, Indiana 


UMEROUS organic compounds containing triva- 
lent nitrogen, usually with the nitrogen in hetero- 
cyclic form, have been used for the detection and the 
determination of metals. One of the first of the nitro- 
gen bases to be used for this purpose was quinine. 
A solution prepared by dissolving quinine sulfate and 
potassium iodide in water has been used by Aubry (1) 
to detect bismuth in urine. Antipyrine (2), quinoline 
(3), cinchonine (4), and urotropine (5) have been em- 
ployed by different investigators for the detection of 
bismuth and antimony in various materials. Reac- 
tions employing these reagents take place in an acid 
solution and in the presence of potassium iodide to give 
highly colored precipitates. Krumholz and Watsek 
(6) assign the composition HBil,-Base to these pre- 
cipitates. The relationship between the molecular 
weight of the base and its sensitivity as a reagent has 
been studied by Krumholz and Watsek (6) and they 
conclude that as the molecular weight of the organic 
base increases the sensitivity increases proportionally. 
One of the methods tried by them of increasing the 
molecular weight of the base was to form the quater- 
nary ammonium salt, usually the salt formed by the 
base with ethyl iodide. The increase in sensitivity 
exhibited by the quaternary ammonium salts was 
found to be more than could be justified by the increase 
in molecular weight alone. Alpha-picoline methiodide 
was one of a number of compounds used by them in 
their studies, but no details of its use as an analytical 
reagent were given. A search of the literature does 
not reveal that a-picoline methiodide has been used 
as an analytical reagent for bismuth. 

The authors of this paper have found that a-picoline 
methiodide gives a perceptible reaction with solutions 
of bismuth salts at concentrations as low as 0.002 mg. 
Bit+* ion per ml. of solution, or when used as a drop 
reaction, with 0.4 y Bit*+* ion per drop of solution. The 
reagent has been found to be more sensitive when used 
alone than with KI, which has been an essential part 
of the reagents containing the nitrogen bases. The 
iodide ion which is necessary for the formation of the 
bismuth precipitates is derived from the a-picoline 
methiodide. The reagent, while not specific for bis- 
muth, is much better as a confirmatory test in the 
regular analytical procedure than the usual sodium 
stannite reduction. 


REAGENTS 
Preparation of a-Picoline Methiodide. Alpha-picoline 


methiodide is prepared by mixing two moles of methyl 
iodide (reagent grade, Baker’s) with one mole of 
a-picoline (two-degree boiling range which includes 
129.3°C., obtainable from Reilly Tar and Chemical 
Corporation, Indianapolis, Indiana) in a large beaker. 
A spontaneous reaction takes place and may become 
rather violent. The mixture solidifies and a great 
deal of heat is evolved. The solid is allowed to dry 
in an acid-free atmosphere. No further purification 
of the compound is necessary, and it will keep indefi- 
nitely in closed containers. The use of less methyl 
iodide than the ratio specified above will cause a de- 
crease in the yield of a-picoline methiodide. 

Reagent. A solution of 25 g. of the a-picoline 
methiodide in 100 ml. of water is used in the following 
tests. 

An acid solution of the reagent is used in place of the 
above aqueous solution in certain of the tests. This 
acid solution can be prepared by dissolving 25 g. of the 
a-picoline methiodide in 100 ml. of 2. N HCl. 

In the following procedures, the aqueous solution of 
the reagent is used unless the acid solution is specifically 
designated. 


METHODS 


Test-tube Method. If interfering substances are 
absent, the solution to be tested is made just acid to 
litmus with dilute HCl. To 1 ml. of this solution add 
0.5 to 1 ml. of the reagent. An orange-red precipitate 
or orange opalescence forms depending upon the con- 
centration of the Bit*++ ion. The color obtained with 
the more dilute solutions of bismuth is best viewed by 
looking vertically through the tube as in colorimetric 
work. 

Under optimum conditions of acidity it was found 
possible to detect 0.002 mg. of Bit++ ion per ml. of 
solution by this method. The color at this dilution is 
slow in forming and may require 5 to 10 seconds. 
Best results are obtained by using 0.5 ml. of the reagent 
for the test, and if the color does not develop in 5 to 10 
seconds, by adding an additional 0.5 ml. In concentra- 
tions of Bi+++ ion of greater than 0.1 mg. Bit+** ion 
per ml., the orange-red precipitate is formed. 

Drop Reaction. In the absence of interfering sub- 
stances the reagent is adaptable to a drop technic. Two 
to three drops of the solution to be tested are placed 
on a white porcelain spot-plate and acidified slightly 
with dilute HCl. The addition of one or two drops of 
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the reagent causes an orange-red precipitate or an 
orange color to form if bismuth is present. 

Under optimum conditions of acidity 0.4 y Bi++* ion 
in one drop of solution is detected. Care should be 
exercised in the control of the acidity. Too much acid 
will cause the test to fail, a pale yellow solution appear- 
ing. The test also fails if there is not sufficient acid 
to prevent the precipitation of BiOCI1 with the addition 
of the aqueous solution of the reagent. 


INTERFERENCE 


Agt and Hg* ions interfere with the bismuth reac- 
tions by precipitating the insoluble iodides of these 
metals, but this interference may be eliminated by 
complete precipitation of the metallic ions with HCl. 
The resulting insoluble chlorides are removed by fil- 
tration and the filtrate neutralized, if necessary, with 
NaOH until alkaline, and then acidified with dilute 
HCI until just acid to litmus before applying the test. 
The excess HCI does not interfere if the concentration 
of the Bit+* ion is high (0.1 mg. per ml. or greater) 
and need not be neutralized. 

Copper, ferric iron, and other oxidizing substances 
interfere by oxidizing the iodide of the reagent to free 
iodine. This interference can be removed by adding 
an excess of KCN to the sample and filtering off the 
precipitated bismuth hydroxide. The bismuth hy- 
droxide is then washed with hot KCN solution and 
finally with cold water to remove the KCN. The 
precipitate is then dissolved in 0.5 to 1 ml. of 2 N HCl 
and the reagént added. The characteristic orange-red 
precipitate or orange-red opalescence is observed if bis- 
muth is present. The bismuth may be detected on the 
paper by pouring 0.5 to 1.0 ml. of the acid solution of 
the reagent (see reagents) over the washed precipitate 
of bismuth hydroxide. The usual orange-red color is 
formed immediately with bismuth. 

In the presence of antimony, stannous tin, or lead, 
the regular separation for Group IV should be used. 
The precipitate of bismuth hydroxide is obtained as 
usual, and 0.5 to 1.0 ml. of the acid solution of the 
reagent poured over the precipitate. An orange-red 
coloration appears on the paper if bismuth is present. 
The precipitate of bismuth hydroxide, obtained from 
the Group IV separation procedure, may also be dis- 
solved in 2 N HCl by pouring 1 to 2 ml. of the dilute 
acid over the precipitate and then testing in the usual 
manner with the aqueous reagent. Either method 
seems to be equally satisfactory. In either case the 
bismuth hydroxide must be washed several times with 
water in order to remove the NH,* ion, a large con- 
centration of which interferes with the formation of 
the orange-red precipitate or orange opalescence. 

Antimony is the most troublesome of the interfering 
substances. It precipitates with the reagent as light 
yellow crystals which quickly coagulate to a brick-red 
mass. The difference between the precipitate formed 
with antimony and that formed with bismuth is not 
difficult to distinguish, but in mixtures of the two ions 
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the orange-red crystals of the bismuth complex will be 
obscured and it is impossible to obtain a positive test 
without removing the antimony. 

Lead, mercuric mercury, silver, and stannous tin 
form white to light yellow precipitates with the rea- 
gent. If the concentration of these ions does not ex- 
ceed one-half of the concentration of the bismuth ion, 
and the concentration of the bismuth ion is 0.1 mg. 
per ml. or greater, no trouble should be experienced in 
getting a positive test for bismuth. The white or 
light yellow precipitates formed -with lead, mercuric 
mercury, silver, or stannous tin are colored a definite 
shade of pink if bismuth is present in the mixture, and 
this color is a strong indication of the presence of bis- 
muth. In all cases of a doubtful test, the Group IV 
separation must be applied. 

In order to compare the effectiveness of the reagent 
with the usual sodium stannite reduction test for bis- 
muth, students of qualitative analysis in this laboratory 
were advised to use this test as well as the sodium 
stannite test on their unknowns. The filter paper 
containing the bismuth hydroxide obtained by the 
usual separation procedure was torn in half and to one 
half was applied the sodium stannite reduction while 
the other half was tested with the reagent by the 
method outlined above. These students then re- 
ported the presence or absence of bismuth as shown 
by both of these methods. The results based upon 
the sodium stannite reduction showed a relatively high 
percentage of error while the results based upon the 
a-picoline methiodide were without error. 


SUMMARY 


The authors submit that the reagent a-picoline 
methiodide is a sensitive reagent for the detection of 
bismuth salts, and while not specific for the Bit+* ion, 
the interfering substances can be eliminated without 
considerable amount of trouble. No work has been 
done at present on the reason for the increase in the 
sensitivity of the reagent upon eliminating potassium 
iodide. The reagent seems to show most promise as a 
confirmatory test in the regular procedure in place of 
the sodium stannite reduction. 

The authors are indebted to the Reilly Tar and 
Chemical Corporation of this city for furnishing the 
highly purified (now commercially available) a-picoline 
used in these experiments; also for the many other 
picolines and substituted pyridines which they have so 
kindly given for use in further experiments. 

Additional work on the use of the quaternary am- 
monium salts in place of the added potassium iodide is 
now in progress with several of the common organic 
bases available. 
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Women in Chemistry 


Reported by ALICE KUEBEL 


At the recent Detroit meeting of the American Chemical Society, the women 
chemists featured a symposium on ‘‘Opportunities for women in chemistry now and 
after the war,”’ as an addition to their regular dinner meeting. The symposium 
consisted of short talks by prominent women chemists and was followed by an active 
and rather heated discussion on woman’s position today in the field of chemistry and 
her prospects for future success in the field. The following is a report of this discus- 
ston which we think may be of interest to our women readers and perhaps to some of 


the men as well. 


OMEN chemists are frequently faced with a 
natural feeling against the “invasion” of’ the 
chemical field by their sex, especially their going into 
jobs formerly thought to belong exclusively to men. 
Although the feeling may be natural, it nevertheless 
implies that many employers have not yet been 
“educated” to accepting women at the same face value 
as they accept men—in spite of the fact that the women 
may sometimes be better qualified in every respect for 
the jobs in mind. Instances were cited in which 
women chemists with doctorates and as much as 
twenty years’ experience were receiving only half the 
salary received by men of the same training and 
experience and doing the same work. The point was 
raised that although there may be complete faith in 
the work of a woman employee, nevertheless, if she is 
sent outside the laboratory as a ‘“‘trouble-shooter”’ 
there is no assurance that she will be accepted as 
authority by the men at the scene of the trouble. Even 
in her own lab, she is regarded not as a chemist but as 
a woman chemist. The hope was expressed that 
eventually she will be accepted on her own merits. 
Many laboratories already accept them on an equal 
basis with men, and present employment conditions are 
doing much to promote this attitude. Most women 
in chemistry seem to hope that in future generations— 
if not in this one—they will be accepted for positions 
in industry and in education on a par with men and 
1 Jane Jordan, Ethyl Corporation; May Whitsitt Hopkins, 
A.C.S. Women’s Service Committee; Mildred Grafflin, Hercules 
Powder Company; Viola Jalinek, Merck and Company, Inc.; 
Helen R. Schlichting, Chrysler Corporation; Eunice Flock, 
Mayo Institute of Medical Research; Catherine F. Higgins, 
National Bureau of Standards; Mildred Kaucher, Children’s 
Fund of Michigan; Margaret Brewer, Phillips Petroleum Com- 


pany; Virginia Bartow, University of Illinois; and Catherine 
Lloyd, Armour and Company. 


that the traditional feeling that “‘women have no place 
in industry” will be completely erased. 

There are, of course, a number of major reasons why 
men are preferred to women in the chemical field, and 
these were discussed in considerable detail. Although 
some of these reasons may appear to be humorous and 
without foundation, they still remain as definite 
problems. Probably the greatest opposition against 
women is a result of the ever-present marriage prob- 
lem. Men usually approach a job with the idea of 
making it their life work and therefore have a serious 
interest in doing their best. A woman may approach 
a job with equal seriousness but is frequently side- 
tracked into marriage—perhaps terminating her tech- 
nical career, perhaps not. This, of course, is deter- 
mined by her own wish as well as by the attitude of her 
employer. Some industries have refused to employ 
married women whereas others are more liberal and 
consider a woman more valuable if she has a well- 
balanced life socially. It should also be remembered 
that if an industrial laboratory is not willing to face the 
loss of its women employees through marriage, it should 
provide for their steady advancement. A woman 
who is receiving encouragement in her work will be 
more likely to stay with it than the woman who feels 
that she is in a stagnant position with no prospect of 
future progress. 

It must be admitted, however, that in some instances, 
such as the frequent shift of a husband’s location, an 
industry must think twice before hiring or retaining the 
wife. Women are sometimes accused of changing jobs 
more often than men. This may be true or it may be 
merely a new way of expressing the old prejudice. 
Few men—even those who have received years of 
valuable training in a laboratory—hesitate to leave 
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if they see greener pastures elsewhere. When women 
do likewise, they are often accused of changing their 
minds (‘‘just like a woman!’”). 

Besides the marriage problem, there are numerous 
others which affect the employment of women. A few 
of the accusations cited were: (1) they aren’t serious 
enough about their work; (2) they disregard safety 
regulations; (3) they never tighten the clamps on 
their apparatus; (4) men covet their privilege to 
swear, and on hot summer days they like to work in 
their undershirts—privileges supposedly impossible 
when a woman enters their lab; (5) the absence of rest 
room facilities for women; (6) few women can be 
regarded as prospects for executive positions; etc. 

The sixth reason involves the question of the ability 
of a woman executive to command the respect and 
loyalty of men who may be under her direction. A 
woman who has had four or five years of college chem- 
istry can easily compete with a man in the initial 
stages, but her future prospect may be nothing more 
than that of perfecting herself in her original job. She 
must be reconciled to seeing the man receive the pro- 
motions in most cases. 

Assume that the attitude of women chemists is one 
of defeatism? Quite the contrary. Many of them 
rightfully consider themselves equal to men in intelli- 
gence and ability. A few men have been known to 
have the same opinion notwithstanding a remark once 
said to have been made by a prominent officer of the 
Society. At one of the conventions when someone 
asked him how many women chemists were there, 
he retorted: ,“‘Women chemists! You might as well 
ask how many red-heads there are.”’ 

That there is a changing attitude on the part of some 
employers is shown by a recent statement of one of 
them: ‘Our girls are doing a remarkable job and we 
are proud of them.” 

The symposium included a discussion of the specific 
types of chemical work to which women are best suited 
and in which they are employed in the greatest numbers 
today. It would be practically impossible to give a 
complete list of these but a recent article on this topic 
is suggested for those interested in more details.’ 

There are, very roughly, four levels of training: the 
first, that of the high-school graduates who can be 





2 Wooprorp, “Opportunities for women in chemistry,” J. 
Cuem. Epuc., 19, 536 (1942). 
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trained for routine work but have very little, if any, 
background in chemistry. The second group consists 
of girls with two or more years of college training includ- 
ing at least basic courses in chemistry. This group 
receives more attention than the first because it has a 
greater initial value. Frequently the desire of the 
women themselves to get ahead prompts them to 
continue studying in night schools (if such are avail- 
able) until they have earned their bachelor’s degrees. 
The third group consists of women with four or five 
years of collegiate training. They are frequently 
employed as research assistants. Their progress, 
again, is dependent upon individual qualifications. 
The fourth group, women who have doctorates, needs 
no comment because their high standard of training is 
presumably attested by their graduate degrees; and 
as a result, they are called upon to fill positions in 
teaching, research, etc. 

Salaries for women in chemistry are admittedly 
fickle. One speaker, a Ph.D., said that after many 
years of hard work, she finally reached the salary level 
now expected by recent B.Sc. graduates. Whether or 
not women are paid on the same basis as men depends 
upon the individual company and upon the personal 
qualifications of the employees. 

Various opinions were expressed on the probable 
position of women in the post-war chemical field. 
Some felt that if women are to be given equal con- 
sideration with men, they should be allowed to keep 
their jobs. Others felt that men are still the chief 
“‘bread-winners”’ and should receive first consideration. 
As the chemical horizon widens, the future of the woman 
in chemistry becomes more promising. Her success 
may depend upon her attitude in the war period and the 
quality of her work now will undoubtedly be a factor 
in determining whether or not she can hold her own in 
the post-war world. 

In all cases, the success of a woman in chemistry 
depends upon her qualifications and her attitude. If 
a woman is absolutely sincere, there is no reason why 
she cannot succeed. If her employer shows symptoms 
of prejudice, she may help to overcome this attitude 
by doing just a little more than is expected of her. 
She can go just as far as she wants to, as long as she 
puts everything she has into the job. And as one of 
the top men in a “big ten’ plant said: ‘‘There is 
always a place in industry for a smart woman.”’ 


Certain comments by Fowler V. Harper, Deputy Chairman of the War Man- 
power Commission, who spoke on ‘‘Technical manpower in the war effort’ at the 


subscription dinner of the Detroit meeting are pertinent. 


In that address he said 


that a larger percentage of deferments had been granted to chemists than to any other 
group. He indicated that such preferred treatment cannot be continued if essential 


chemical industry does not utilize all available women chemists. 


Certainly no such 


preference can be shown to future replacements and such trained replacements must 
be expected to come very largely from the ranks of women and of ‘men deferred by reason 


of physical disability. 





Acids and Bases: 


A Critical Reévaluation‘ 


ROBERT GINELL 


Polytechnic Institute of Brooklyn, Brooklyn, New York 


HERE exists at present in the field of acids and 

bases considerable controversy between the pro- 
ponents of the various theories. The controversy is 
not, however, over the experimental facts but rather 
over the definitions of the words, acid and base. It 
does not appear necessary to reiterate here the experi- 
mental facts or the evidence in support of the various 
theories. This has been ably done in many recent 
publications (which incidentally also give extensive 
bibliographies) (1, 2). We shall rather reéxamine some 
of the fundamentals. 

Let us go back to the definition of the term “acid” 
as it was first used. Boyle (3) listed the properties of 
acids as follows: ‘“They dissolve many substances, 
they precipitate sulfur from its solution in alkalies, 
they change blue plant dyes to red, they lose all these 
properties in contact with alkalies.” Luder (1) 
comments on this definition thus, ‘““These were recog- 
nized as the properties of aqueous solutions of acids. 
If the solution of a substance in water had these and 
other typical acid properties, the substance itself was 
called an acid.” 

This very accurate description is the starting point 
of acid-base theory. However, due to the state of 
science at that early date, this description was inter- 
preted in a manner that led to certain misconceptions 
when considered in the light of present day science. 
These misconceptions have been the cause of the various 
definitions that plague acid-base theory today. It 
seems therefore that it would be profitable to analyze 
these misconceptions. 

At the time of Boyle and for a long while after him, 
scientists thought that changes of matter could be 
sharply divided into two classes, changes of a chemical 
nature and changes of a physical nature. Among the 
various physical changes was listed solution. The 
reasoning was that since substances could be recovered 
unchanged from a solution, solution was equivalent 
to dividing a substance: into many smaller parts—a 
“purely”’ physical change. As a consequence of this 
theory, the scientists of that day were certain that if 
hydrogen sulfate, dissolved in water, had certain 
properties, these properties must, of necessity, belong 
to the hydrogen sulfate itself. 

Hence they asked: ‘‘We know of a large number of 
substances which have similar properties in solution; 
what is it that they have in common which can be 
the cause of these peculiar properties?’ Since they 


* Presented at the one hundred and fourth meeting of the 
American Chemical Society in Buffalo, New York, September 
7 to 11, 1942. 


knew that all compounds were composed of a limited 
number of elements, it seemed to them that one of 
these elements must be an “acidifying principle.” 
This type of thinking was both reasonable and tradi- 
tional. Thereafter, the search was on in full swing. 
We all know the subsequent history—the oxygen 
theory of acids, the hydrogen theory, the hydrogen-ion 
theory, etc. 

Let us now go back to the original definition and 
examine it in the light of modern chemical theory. 
We now think of solution as a chemical process. It 
differs from chemical change (in the older concept) 
in a quantitative sense rather than in a qualitative one. 
The processes occurring are of the same type but the 
energy changes are of a different order of magnitude. 

The chemical changes that occur can be illustrated 
by examining the solution of hydrogen acetate (“‘acetic 
acid”) in water. In pure hydrogen acetate the strong- 
est forces are probably the dipole forces which make the 
molecules dimerize. (The molecular weight of gaseous 
hydrogen acetate at temperatures just above its boiling 
point leads us to this conclusion.) In addition, there 
must be weaker van der Waals forces which hold these 
dimers together as a liquid. Hence we can write pure 
liquid hydrogen acetate as [(CH;COOH),],. When 
this substance is mixed with water, the first reaction 
probably is to break the weaker forces and form hy- 
drated dimers 


[(CH;COOH)2]n + uxH,O0 — n[(CH;COOH)2:xH,0] (1) 
(We know that a similar reaction occurs in benzene, as 
shown by molecular weight determinations.) The 


next reaction is the reaction of water with the hydrated 
dimers to form hydrated monomers. 


(CH;COOH)2:xH2O + (2y — x)H,O- 2(CH;COOH:-yH20) (2) 


The structure of the monohydrate of hydrogen acetate 
can be shown symbolically by some picture of this sort. 


\ 
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water giving the acetate ion and hydronium ion 


(CH;COOH-H:0) + H:0 @ (CH;COO-H,0)~- + H;O+ (4) 


The resonance structure of the acetate ion can be 
represented symbolically by 


Lt) 
: i cy | 


Now if solution is not a ‘physical’ change but a 
chemical change then the original theory that the 
properties of a solution of hydrogen sulfate in water 
are the properties of hydrogen sulfate is no longer 
necessarily true. If we examine the facts, we soon 
discover that certain properties are common to both 
the pure substance and to its solution while others are 
peculiar to the solution. 

Let us now examine critically one of the character- 
istic properties of acidic solutions. We know that 
acidic solutions will react with basic solutions. We 
also know that the ‘“‘acid,” the substance whose solution 
is acidic, will react with the ‘‘base,’’ the substance 
whose solution is basic. If these two reactions are 
truly the same then we can say that this property of the 
solution is due solely to the solute. If, however, the 
reactions are different then we must say that a solution 
can have properties which neither the pure solute nor 
the pure solvent possesses. 

Let us take as our examples the reaction between 
hydrogen chloride and ammonia and that between 
their water solutions. When hydrogen chloride re- 
acts with ammonia, we get ammonium chloride. This 
can be shown symbolically thus 


+ - 


H:N: + H:Cl: ~ H:N:H :Cl: (5) 
H H 


Here two neutral molecules, each consisting of atoms 
connected by bonds which are essentially homopolar 
in character, react. The proton from the HCl mole- 
cule moves over to the NH; molecule, thus giving each 
of the two new particles a charge. These charged 
particles (ions) are then held together by electrostatic 
forces. The reaction between water solutions of these 
two substances is, however, more complicated. This 
reaction really consists of three reactions: the first two, 
the reactions of each pure substance with water, and 


the third, the reaction between their solutions. The 
first reaction is 
ot a 
H a H ‘ (6) 
H:0: + H:Cl: 2 H:0:H + :Cl: 
This reaction is very similar to equation (5). The 


next reaction is of a similar type. 


This monohydrate undergoes further reaction with 









(7) 


Finally, we have the third reaction, traditionally 
called neutralization 


_ +r - 
H H 
O:H]| + | H:N:H| + | H:0:H}| + | :Cl: |] 2 
H 
ami ‘ H 
H:N:H + Cl +2 H:0: (8) 
H 


It seems self evident that reaction (8) is not the same 
as reaction (5). In reaction (8) the important thing 
that has happened is that the hydronium ion has com- 
bined with the hydroxy] ion. 

Let us take another example—the reaction between 
carbon dioxide and calcium oxide and the reaction 
between their solutions. In the pure state the reaction 
is 


Ca*t+O= + CO, = Cat*CO,= (9) 


Here the bond between the calcium and oxygen in the 
calcium oxide is broken and the oxygen ion attaches 
itself to the carbon in the carbon dioxide molecule. 
In the case of the water solutions the whole picture 
changes. First, when the calcium oxide dissolves in 
water, the following reaction occurs 


Cat++O= + (x + 1)H.O — Ca(H;20),++ + 2 OH- (10) 


And similarly, the carbon dioxide reacts with the 
water (the predominant species) when it dissolves 


CO, + 2H.0 2 H;O0* + HCO;- } 


HCO;- + H.0 2 H;0* + CO;" (11) 


When the two solutions are then mixed, two reactions 
occur. : 


H;O+ 4 OH- > 2H,0 } (12) 


Ca(H,0),++ + CO;= —~ Cat*+CO;= + xH,0 


A resemblance exists between equation (9) and equations 
(10) and (11), but equation (9) bears no resemblance 
to equation (12). 

To come back now to our original postulation, we 
have shown that the reaction between the pure solutes 
is different from the reaction between the two solutions. 
Since we have traditionally labeled the reaction of an 
acidic solution with a basic solution a neutralization, 
it seems hardly logical to give the same name to the 
reaction between the pure solutes because it is so unlike 
a traditional neutralization. 

In this light we can again state that acidic solutions 
neutralize basic solutions, and further, that acids are 
substances which give acidic solutions and bases are 
substances which give basic solutions. However, the 
latter part of this statement is open to grave objections. 
We have thus far only considered water as a solvent. 





What would happen if we chose another solvent? 
An extension in this direction has been discussed at 
some length by the proponents of the solvent system 
theory. In any system of this sort, we only need one 
basic postulate. We must define neutralization. Once 
this is defined, the definitions of acidic and basic solu- 
tions follow naturally. Neutralization is the union of 
solvo-positive ions with solvo-negative ions. In the 
water system the hydronium ion is the solvo-positive 
ion while the hydroxyl ion is the solvo-negative ion; 
in the ammonia system, the ammonium ion is the solvo- 
positive ion while the amido ion, NHe~, is the solvo- 
negative ion and soon. From this definition it follows 
logically that an acidic solution is one which contains 
as one of the predominant species present a solvo-positive 
ion, and a basic solution is one which contains as one of 
the predominant species present a solvo-negative ion. 

This definition removes many difficulties from our 
current acid-base theories, for according to it, we can 
readily understand how and why hydrogen chloride 
and zine chloride both give acidic solutions in water, 
and we need not set any distinctions in our minds be- 
tween them; both compounds are of the same type. 
Furthermore, without doing any mental gymnastics, 
we can understand how ammonium chloride can give 
a faintly acidic solution in water, a strongly acidic one 
in liquid ammonia and a basic one in selenium oxy- 
chloride. A theory of this sort places the emphasis 
where it belongs, on the solution. Acidity and basicity 
appear as properties of solutions and not of pure sub- 
stances. Since solutions consist of two parts, a solute 
and a solvent, both must play a role in determining 
whether a solution will have acidic, basic, or neutral 
properties. As a consequence of this we cannot say 
that a substance is an acid or a base, per se, but only 
that it is an acid or a base in the water system or the 
ammonia system, etc. 

The question now arises: what shall we call reactions 
like equation (5)? Must we invent a new terminology 
or does an appropriate one already exist? The answer 
is that a new terminology is unnecessary. We can 
use the bond nomenclature. In equation (5), two 
neutral molecules, each of which possesses a dipole, 
have reacted. A hydrogen atom stripped of an electron 
has moved from the HCI molecule to the NH; molecule. 
The resulting two particles are now ions and are held 
together by a bond which is predominantly heteropolar 
in character. The reaction between calcium oxide 
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and carbon dioxide can be described in a similar way. 
The heteropolar bond between the calcium and the 
oxygen is broken and the oxygen ion attaches itself 
by means of a homopolar bond to the carbon in the 
carbon dioxide molecule. The resulting fragments 
are ions and are held together by a heteropolar link. 

This type of nomenclature, although it may seem at 
first a bit cumbersome, nevertheless says a great deal in 
an unambiguous manner. There is in this terminology 
a varied assortment of bonds which can be used to 
classify reactions. First, the primary valence bonds or 
forces: the metallic bond, the heteropolar bond, the 
homopolar bond, and the semipolar bond; and second, 
the secondary valence bonds or forces: rigid dipoles, 
induced dipoles, and the dispersion effect or the quan- 
tum mechanical interaction of internal electron motions. 
Reactions can be classified according to the types and 
numbers of bonds broken and formed. 

One last word remains to be said. We have in our 
chemical nomenclature a number of usages which have 
grown up around the old theories, the principal one 
being the habit of naming those pure substances which 
contain hydrogen and which furnish hydronium ions 
upon solution in water, “‘acids.”” We also fail very often 
to make a distinction between certain mixtures and 
pure substances. For instance, we often carefully 
point out the distinction between hydrogen chloride 
and its water solution, hydrochloric acid, but we 
usually ignore the distinction between hydrogen sul- 
fate and its water solution, sulfuric acid. Of course, 
it is impossible to eradicate immediately these im- 
proper usages from scientific chemistry and chemical 
industry, but the distinction between acidic and basic 
solutions, which are mixtures, and pure substances 
should be carefully pointed out, and terms such as 
sulfuric acid for hydrogen sulfate should be avoided. 
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‘‘What hopes and fears does the scientific method imply for mankind? I do not think that this is the right way 


to put the question. 


Whatever this tool in the hand of man will produce depends entirely on the nature of the goals 





alive in this mankind. Once these goals exist, the scientific method furnishes means to realize them. Yet it cannot 
furnish the very goals, The scientific method itself would not have led anywhere, it would not even have been born 
without a passionate striving for clear understanding. Perfection of means and confused goals seem—in my opinion— 
to characterize our age. If we desire sincerely and passionately the safety, the welfare, and the free development of the 
talents of all men, we shall not be in want of the means to approach sucha state. Evenif only a small part of mankind 
strives for such goals, their superiority will prove itself in the long run.”’ 


—Albert Einstein 
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HIGH-SCHOOL CHEMISTRY 


Demonstrations on the Preparation and Molding 
of Plastics 


JOSEPH F. CASTKA, Boys High School, Brooklyn, New York 


theo FRUVUCTIVIN ut piasucs ruse steadily 
during the depression years to 127 million pounds 
in 1935 and boomed to almost 300 million pounds in 
1939. By 1941 production had again increased by 
50 per cent and in 1942 was close to 600 million pounds. 
This amazing growth coupled with the ready adapta- 
tion of plastics to wartime needs has done much to 
stimulate the interest of chemistry students in this 
most fascinating of chemical fields. 

Great difficulty, however, has been encountered 
in securing adequate directions and reference materials 
to guide classroom demonstrations and individual 
laboratory experiments. It is the purpose of this 
article to mention some of the references, sources of 
materials, and technics that have helped student 
groups perform useful and instructive experiments. 

One of the most timely demonstrations deals with 
the production of a sample of synthetic rubber. This 
material is of the Thiokol type. The Thiokols have 
been used principally in various fuel and gasoline hoses, 
gaskets, and more recently in bullet-proof gas tanks, 
tire retreads, and synthetic tires. The clue to the 
demonstration was found in an article by Martin and 
Patrick (1), describing the industrial preparation 
which took five hours. Discussion with Dr. Leonard 
Fliedner of Flushing High School, New York City, 
disclosed the fact that he was preparing samples for his 
classes in about half an hour. 

The following procedure produces a sample within 
ten minutes. The elastic qualities of the material 
may then be shown by stretching. Samples have 
been run through a rubber mill by the Thiokol Corpora- 
tion of Trenton, N. J., and have been found to be very 
similar in nature to the first samples produced by Dr. 
Patrick, the inventor. The materials needed—ethyl- 
ene chloride and sodium polysulfide, technical grade 
fused—may be readily purchased for less than a dollar 
at chemical supply houses. 

Demonstration: It is necessary first to change the 
sodium polysulfide to sodium tetrasulfide. This is 
done by saturating a saturated solution of the poly- 
sulfide with sulfur. Add 100 ml. of the tetrasulfide 
solution to 25 ml. of ethylene chloride. A milk of 
magnesia pellet or a pinch of magnesium oxide is 
added as a catalyst. These materials are placed in a 
500-ml. flask to which an air or water condenser is 
attached vertically to serve as a reflux to prevent the 


253 


escape of volatilized ethylene chloride. The mixture 
is then heated until the ethylene chloride starts to 
volatilize, after which heating is no longer necessary 
because the reaction is exothermic. Small particles 
of the Thiokol are formed at the interface between the 
tetrasulfide and ethylene chloride. These float to the 
top, agglomerate, and then sink to the bottom of the 
flask. The liquid is decanted and the solid washed 
several times with water. The water may then be 
squeezed out and the rubber-like qualities demon- 
strated. Forceps or tongs should be used in handling 
the synthetic material. 

The production of bakelite-like plastics from aniline 
or aniline hydrochloride and formaldehyde is probably 
the commonest and best-known demonstration in the 
field. Varying proportions may be used. Exact 
directions have been given in various sources (2, 3, 4, 5). 

A more striking demonstration on the formation of 
a bakelite plastic is the one frequently demonstrated 
by Professor Hubert N. Alyea of Princeton. Dry 
hydrogen chloride is passed into a 500-ml. Erlen- 
meyer flask which contains 50 ml. of glacial acetic acid, 
25 ml. of formaldehyde (40%) and 20 g. of phenol. 
A towel is wrapped loosely around the neck and 
opening of the flask. A large mass of pink plastic is 
produced with almost explosive violence within five 
minutes. The time may be controlled by controlling 
the rate of production of hydrogen chloride. The 
hydrogen chloride is produced by dropping concen- 
trated hydrochloric acid into sulfuric acid. The 
dropping funnel should have a tube drawn to a capillary 
width dipping below the surface of the sulfuric acid. 
The hydrogen chloride is then passed through another 
test tube containing sulfuric acid. 

Directions for the production and membrane forma- 
tion of cellulose nitrate and cellulose acetate appear in 
various laboratory manuals in organic chemistry. 
Other valuable suggestions are found in textbooks on 
cellulose chemistry, such as Doree (6). It is also 
possible to secure cellulose acetate from safety film 
or plastics in the home by dissolving them in acetone. 
The gelatin and silver may be removed by boiling in 
water. Similarly, cellulose nitrate may be secured 
from professional 35-mm. film by dissolving in alcohol- 

ether. Molding of these materials may be performed 
by evaporation of the solvent (4). 

Directions for the preparation of viscose using a 
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variety of cellulosic materials have been given by Doree 
(6). A very simple and effective experiment on the 
preparation of viscose and a viscose fiber is described 
by Soifer (7).1. The continuous manufacture of a 
rayon fiber by the cupraammonium process has also 
been described (8). 

Formation of plastics by straight polymerization is 
best accomplished by the use of the acrylates or sty- 
rene. Acrylate and methacrylate monomers stabilized 
with hydroquinone may be obtained from E, I. du Pont 
de Nemours and Company,? Eastman Kodak Company, ? 
and Rohm and Haas Company.‘ Direction sheets for 
demonstrations, distributed by Rohm and Haas Com- 
pany describe the preparation of the polymer. Benzoyl 
peroxide is added to remove the inhibitor. Other 
methods for the removal of the inhibitor, by careful 
distillation or washing with sodium hydroxide solution, 
are given by Halenz and Botimer (9), who also de- 
scribe the procedure for the use of methyl methacrylate 
as an imbedding agent for biological and other speci- 
mens. Styrene may be purchased from the Eastman 
Kodak Company and is stabilized by hydroquinone, 
which may be removed by simple distillation. Extreme 
caution is urged in handling styrene. Communications 
from various chemical concerns emphasize the danger 
in polymerizing styrene by heating in a test tube, al- 
though this is suggested in one article on plastics and 
resins. 

Various methods for molding, such as casting and 
evaporation of solvent, have been mentioned (4, 9). 
If a Carver press is not available, pressure molding 
may be performed as follows. 

Demonstration: A piece of one-inch iron pipe an 
inch and a half long is capped and preheated for about 
one minute with a Bunsen burner. About one-quarter 

1 See also Fromm, ‘“‘A simple classroom demonstration of the 
manufacture of rayon,” J. CHEM. Epuc., 20, 197 (1948). 


2 E. I. du Pont de Nemours and Company, Inc., Wilmington, 
Delaware. 

3 Eastman Kodak Company, Chemical Sales Division, Roches- 
ter, New York. 

4 Rohm and Haas Company, 222 West Washington Square, 
Philadelphia, Pennsylvania. 


JOURNAL OF CHEMICAL EDUCATION 


inch of cellulose acetate molding powder is poured in 
and a two-inch length of iron rod, made to fit into the 
pipe, isinserted. The pipe and plunger are then placed 
firmly in a steel vise and heated for about a minute. 
This will serve to drive out most of the air between 
the granular particles of molding powder, thereby 
producing a clear mold. The vise is then tightened 
as much as possible and the pipe is heated strongly 
for about two minutes. The entire assembly is then 
cooled with water, the cap removed, and the mold 
extracted by pushing out the plunger. Of course, the 
smoother the interior of the pipe the less will be the 
difficulty in removing the mold. Suitable material to 
use is Tenite, obtained in various colors from the 
Tennessee Eastman Corporation,> or transparent 
cellulose acetate, obtained from the Hercules Powder 
Company.® Experience will determine the exact 
time needed for each step, since overheating may 
cause decomposition and underheating will cause in- 
complete fusion of the plastic. Of course, conditions 
are not so easily controlled as with the Carver press 
but suitable molds can be produced. 
5 Tennessee Eastman Corporation, Kingsport, Tennessee. 


6 Hercules Powder Company, Delaware Trust Building, Wil- 
mington, Delaware. 
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@ An excellent example of how chemistry can make 
widely divergent useful products from waste material 
is the manufacture of vanilla extract and a new kind of 
plastic, both from the sulfite water waste of the paper 
mills. 


@ Even the secondary schools are going in for intensive 
summer sessions now. It has just been reported to us 
that Phillips Andover Academy is planning a session 
this summer, partly to accelerate the regular training 
of students and partly to promote special training in 
the fields of mathematics and science. 


@ The War Department is said to be calling for 


“blondes, with hair of soft texture and the highest 
quality, not less than 12 inches long.” No, this is not 
a special, long-haired WAAC platoon, but is for the 
purpose of sending 200 miles of the blonde strands 
aloft, to ride the air currents 60,000 feet above Weather 
Bureau stations. It’s rather a long story, but the 
strands of hair are used in radio-sondes which are sent 
aloft on small balloons to record the temperature and 
humidity of the upper air. Blonde hair reacts better 
than any known material to small differences in 
humidity. _The apparatus is so constructed that the 
contractions of the hair cause changes in- the radio 
signal, which are received and recorded. 





LETTERS 


The Periodic (?) Table 


To the Editor: 

One of my students asked me the other day: “‘Is it 
true that the periodic law has been discarded as ob- 
solete?”’ He had just been reading the paper by W. F. 
Luder in the January issue of this JouRNAL entitled 
“Electron Configuration as the Basis of the Periodic 
Table.’’ Since I was already somewhat irate on the 
subject of this paper, the remark induced me to 
write this letter. 

Among the reasons for my irritation was my belief 
that there have been too many pet “periodic charts’’ 
published in recent years, including the same chart by 
the same author in this JouRNAL in 1939. Another 
reason was the optimistic claim made for the merits of 
this latest chart: ‘““The chart .. . overcomes all. . . the 
defects . . . without introducing any new difficulties.” 
Among the new difficulties which occur to me is the 
fact that the resemblances between magnesium and 
zinc and between sulfur and chromium, as shown by 
sulfates and chromates, are not so much as suggested 
in this chart. . 

The strongest objection, however, is that although 
this chart is an interesting way of classifying the 
elements, it is not a periodic table. A periodic table is a 
graphical representation of this important natural law: 
that the preperties of the elements are periodic 
functions of their atomic numbers. The Luder chart 
places elements with similar properties in the same 
vertical column, but it does not bring out the all- 
important fact of periodicity; in fact it abandons 
periodicity altogether. Hence the completely false 
impression as to the present status of the periodic law 
registered by the student quoted above. Let us retain 
the periodic table as a representation of the periodic 
law. 

WILuiaM E. CapBury, JR. 


HAVERFORD COLLEGE 
HAVERFORD, PENNSYLVANIA 


To the Editor: 

Professor Cadbury’s irritation is revealed not only 
by his frank declaration of it, but by the fact that his 
two principal objections to an electron configuration 
chart are merely matters of opinion. They are also 
mutually contradictory. According to Professor Cad- 
bury too many pet periodic charts have been published 
in recent years, yet this one is mot a periodic chart. 

The whole point of my article lies in this contradic- 
tion. The very fact that so many modifications of 
Mendeleeff’s chart have been suggested indicates the 
need of some modification of the original statement of 
the periodic law. The article gathered together the 


few attempts to actually change the law in the light of 
more recent knowledge. It is hardly scientific to 
maintain that Mendeleeff’s original statement is 
sacred and subject to no modification whatever forever- 
more. 

The only concrete difficulty Professor Cadbury 
mentions is that ‘‘the resemblances between magnesium 
and zinc and between sulfur and chromium, as shown 
by sulfates and chromates, are not so much as sug- 
gested in this chart.’’ This objection is conclusively 
answered by a glance at the chart, where it is perfectly 
obvious that both chromium and sulfur have six 
valence electrons and that magnesium and zinc have 
two. Furthermore, the chart immediately makes 
plain the reason why chromium does not have a valence 
of minus two as sulfur does! 

When the chart was first proposed in 1939 (based on 
Ebel’s suggestion in this JOURNAL) I was not aware of 
Gardner’s chart published in Nature in 1930. Gardner 
was among the first to realize that the solution to the 
problem of pet periodic charts demanded a change in 
the law to one based upon our knowledge of atomic 
structure. After becoming acquainted with Gardner’s 
chart and the other atomic structure charts discussed 
in the second article, I noticed that Mitra’s goal of a 
combination of the periodic table with the table of 
electron configuration was realized simply by adding to 
the top of the original form of my chart the s, p, d, f 
divisions of the electrons. I repeat: A chart of the 
elements based upon electron configuration is not 
merely another rearrangement of the Mendeleeff chart. 
It is a modification of the periodic law made necessary 
by the confusion arising from the many attempts to 
merely rearrange Mendeleeff’s chart to conform to new 
experimental facts. 

W. F. Luper 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


Cubic Centimeters and Milliliters 


To the Editor: 

On page 149 of the March number of your excellent 
Journal, V. T. Jackson makes the claim that the term 
cubic centimeter is preferable to the ‘‘tongue twisting 
and confusing milliliter’ although he admits that the 
liter has been defined by the International Commission 
of Weights and Measures as the volume occupied by 
a kilogram of water at its maximum density. It is 
true that the original intent was to make the liter 
exactly 1000 cubic centimeters and the error in ac- 
complishing this is surprisingly small. Few of us can 
work within 0.03 of one per cent in any of the measure- 
ments we make. * 
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I think it was in 1910 that I wrote to a maker of 
chemical apparatus asking him why he marked all of 
the measuring instruments in ml. rather than cc. He 
replied ‘“‘Ask the Bureau of Standards.” I wrote a 
letter to Dr. Stratton, who was then Chief of the 
Bureau of Standards, and he replied very positively 
that the liter was not properly defined as one thousand 
cubic centimeters and that the milliliter was the proper 
term for one-thousandth of a liter. He informed me 
of the fact that the error was 0.03 of one per cent and 
to this I replied that I had read about the error but had 
no idea it was so slight. I told him that I thought it 
was very silly to insist upon the distinction. However, 
no one to whom I talked failed to agree with the logic 
of Dr. Stratton’s remarks. Since that time I have 
never seen a new measuring instrument that was not 
marked in ml. rather than cc. 

Unfortunately, chemists had for quite a number of 
years been using the Mohr liter which was the volume 
occupied by a kilogram of water at 17.5°C. More- 
over, Wagner thought that this temperature was too 
far below the average laboratory temperature and he 
proposed the temperature of 20°, which is the tempera- 
ture at which measuring instruments are today 
assumed to be correct. Others preferred to use true 
liters as defined by our Bureau of Standards. When 
the Bureau of Standards asked the makers of measuring 
instruments to use ml. rather than cc., there were at 
least three different kinds of liters in fairly common 
use—the true liter, the Mohr liter, and the Wagner 
liter; and there were three different abbreviations 
used for the thousandth part of the liter, namely, 
c.c., cc., and cm.* The error between the cubic centi- 
meter and the milliliter is least with the true liter. I 
am certain that the Bureau of Standards thought they 
were making things simpler and better by asking in- 
strument makers to calibrate their instruments in 
terms of the true liter and to use the abbreviation ml. 
rather than ¢.c., cc., or cm.? 

A few years ago, the leading English journal on 
analytical chemistry, The Analyst, instructed all per- 
sons submitting papers to use the abbreviation ml. un- 
less they actually meant a cubic centimeter. 

The prefix milli is commonly used to represent one- 
thousandth of the whole. Thus we have milligram, 
millimicron, millifold, millifarad, milligrade, millistere, 
milli-equivalent, etc., and these terms are not difficult 
to understand. The idea that the six syllables of 
cubic centimeter can be pronounced more quickly and 
with less use of the tongue than the four syllables of 
milliliter is interesting, but not true. The idea that 
cc. can be written more quickly and easily than ml. 
is certainly true in the case of the amateur typist who 
rarely uses more than two fingers in his typewriting 
but of no other typist and certainly the reverse is true 
in writing longhand. 

There is a tremendous amount of inertia against 
doing anything differently from that done by our fore- 
fathers. Thus scientists for about one hundred and 
fifty years have been telling folks that the metric 
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system is better than the English system of weights 
and measures but, except in times of war when we have 
to make ammunition and machines to correspond to 
those made with the metric system, progress toward 
making its adoption universal is very slow. Our 
textbooks, particularly those for beginners, are terribly 
conservative and the authors explain things the way 
they were taught irrespective of any results of modern 
investigations. Thus youth is still being taught that 
sodium is first set free when a solution of sodium chlo- 
ride is electrolyzed although M. Le Blanc in about 1890 
showed that such an idea is preposterous; youth is still 
being taught that the electric current flows in a north 
to south direction although most every scientist knows 
that the electric current is really a stream of electrons 
flowing in a south to north direction, and, as a result 
of the same sort of conservatism, many texts still 
teach that a liter is one thousand cubic centimeters. 

It has been over forty years since I began to say 
milliliter instead of cubic centimeter, and I have cer- 
tainly taught thousands of students to do the same 
thing. As far as I know, none has offered any argu- 
ment against this practice. It is true to be sure that 
in 1910 the United States Pharmacopeia adopted the 
abbreviation mil. instead of cc. and this caused so much 
confusion and provoked so much opposition that the 
editors never have dared to use anything but cc. in 
subsequent editions. 

WILtiaM T. HALL 

ROCHESTER, MASSACHUSETTS 


Ultraviolet Tyndallometer 


To the Editor: 

Your articles are always a source of interest to me, 
but one in the February, 1943, issue has especially at- 
tracted my attention. It is entitled ‘“‘A simple and 
permanent tyndall cone apparatus,” by Abrahams and 
Dubner. 

You will be interested to know that this instrument 
can also be employed as an ‘Ultraviolet Tyndallome- 
ter,’ and the effects produced with it used for a wide 
variety of purposes as well as for spectacular lecture 
demonstrations. The ultraviolet Tyndallometer is an 
instrument of my origination, being first described in 
detail in the book “Ultraviolet Light and Its Applica- 
tions.” 

The Abrahams and Dubner apparatus can be used 
without modification, except that a small amount of 
visible light fluorescing substance is added to the 
solution to enhance the features of the cone. Beta- 
methyl umbelliferone is very satisfactory in this regard. 
However, by substituting an ultraviolet source for the 
small light globe, and a quartz or pyrex lens for the 
glass lens, it is possible to construct a simple ultraviolet 
Tyndallometer which will show properties of a solu- 
tion such as its absorption characteristics, the Tyndall 
effect, and qualities in regard to fluorescence intensity. 

JACK DE MENT 


Coucu BUILDING 
PORTLAND, OREGON 





NEW ENGLAND ASSOCIATION 
of  OHEMISTRY TEACHERS 


Individual Versus Demonstration Method 
of Teaching Science 


FRANCIS G. LANKFORD, JR. 


University of Virginia, Charlottesville, Virginia 


OR AT least the third time many teachers of chem- 

istry are forced to consider whether or not they may 
safely substitute demonstrations for individual student 
laboratory exercises. This time the difficulty of pro- 
viding equipment has stimulated discussion of the ques- 
tion, rather than any belief that individual exercises 
should be replaced by demonstrations. 

During the 1920’s greatly increased high-school en- 
rolments stimulated studies of methods of instruc- 
tions that might prove less costly than the individual 
laboratory exercise. Downing? in 1925 and Riedel? in 
1927 summarized some of these early studies. Both 
summaries pointed to the inconclusiveness of the evi- 
dence. Nevertheless, many school systems substi- 
tuted demonstrations for individual laboratory work 
and quoted these studies to justify the change. 

The depression of the 1930’s again made it difficult 
to provide adequately in school budgets for science 
equipment. The results were described by Professor 
Francis D. Curtis in 1934 in an address before the North 
Central Association of Science and Mathematics Teach- 
ers. He stated that ‘‘to the consternation of teachers of 
science, both, in secondary schools and in college, the 
individual method has been eliminated entirely in an 
alarming number of schools, its place having been taken 
by the demonstration method or by classroom activi- 
ties which include no use of apparatus whatever.” 

The present world-wide conflict has reduced the 
supplies of equipment and materials. This situa- 

1 An abstract of an address given at the Fourth Summer Con- 
ference of the New England Association of Chemistry Teachers, 
pg of New Hampshire, Durham, New Hampshire, August 

2 Down1ne, “‘A comparison of the lecture-demonstration and 
the laboratory methods of instruction in science,’ School Review, 
33, 688-97 (1925). 

3 RIEDEL, ‘‘What, if.anything has really been proved as to the 
relative effectiveness of demonstration and laboratory methods 
in science?”’ School Science and Mathematics, 27, 512-19, 620-31 


(1927). 


tion causes us again to ask whether or not we may use 
demonstrations instead of individual laboratory work. 

In a more recent study Carpenter‘ concludes that 
pupils taught by demonstrations succeed as well as 
when they perform the exercises individually. He 
recommends an increase in the number of demonstra- 
tions but thinks that individual laboratory work in 
chemistry should be continued. Horton‘ arrived at the 
conclusion that “‘pupils on the whole preferred individ- 
ual work,’’ which may well account for a better per- 
formance from them. Zim‘ found that pupils preferred 
(a) doing experiments, (b) watching movies, and (c) 
watching experiments. Payne’ found among college 
students that the poorer students made better progress 
by the lecture-demonstration method. Stuit and 
Englehart® concluded that the problem seems yet to be 
unsolved and as complex as ever. 

A summary of some of the points made by ‘Curtis® 
in the “31st Yearbook of the National Society for the 
Study of Education. Part I’ presents a careful and 
accurate analysis of the research on our problem. 


1. Each method offers training in certain knowledges, skills, 
and habits not offered by the other. 

2. In the interests of economy, both of time and money, it 
seems desirable to perform more laboratory exercises by the 
demonstration than by the individual method. 


4 Curtis, “‘Second digest of investigations in the teaching of 
sciences,’’ Blakiston, Philadelphia, 1939, pp. 282-89. 

5 Ibid., pp. 299-311. 

6 Zm, “Science interests and activities of adolescents,’’ Ethical 
Culture School, New York, 1940. 

7 Curtis, ‘“‘Third digest of investigations in the teaching of 
science,”’ Blakiston, Philadelphia, 1939, pp. 402-6. 

8Sruir AND ENGELHART, “A critical summary of the re- 
search on the lecture-demonstration versus the individual- 
laboratory method of teaching high-school chemistry,” Science 
Education, 16, 380-91 (1932). 

9 Curtis, ‘‘Contributions of research to laboratory teaching”’ 
in “3lst yearbook of the National Society for the Study of 
Education,” Public School Publishing Co., Bloomington, Illinois, 
1932, Vol. 31, Part I, pp. 91-108. 
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3. At the beginning of every laboratory course there should 
be a sufficient use of the demonstration method to acquaint the 
pupils with apparatus and with some of the accepted methods of 
experimentation. Following this period of orientation, the pupil 
should be allowed to perform some exercises individually in order 
to acquire, early in the course, desirable manipulatory skills and 
laboratory technics and habits. 

4. The time saved in each course by the use of the demon- 
stration method should be used for other types of learning exer- 
cises, which might include additional laboratory exercises, read- 
ing projects, individual investigations, observations, and drill 
upon essentials. 

5. Among the exercises to be demonstrated in each course 
should be those which are dangerous if performed carelessly or 
unskillfully, at least some of those requiring delicate manipula- 
tion and accurate observation, and those requiring special, ex- 


pensive apparatus. 
6. In general, especially with the more elementary courses and 
the younger or less capable pupils, demonstrations by the teacher 


Completion of plans for the Fifth Summer Con- 
ference was delayed because of difficulty in locating 
an available institution with facilities adequate for the 
Conference. The Commitiee was confronted with 
a difficult problem when Massachusetts State College, 
because of the pressure of war activities and the 
presence of units of the armed services on its campus, 
was forced to withdraw its cordial invitation to the 
N.E.A.C.T. After a prolonged search, the Committee 
is happy to report that it has accepted the generous 
offer of Phillips Academy, Andover, Massachusetts, 
of the use of their facilities, and that the Conference 
has been scheduled for the last week-end in August, 
Friday evening to Monday night—August 27, 28, 29, 
and 30, 1943. 

Phillips Academy (founded in 1778) is one of the 
oldest and most distinguished private preparatory 
schools in America, with a campus which is noted for 
its spaciousness and beauty. The dormitories, labo- 
ratories, and recreational facilities, including an indoor 
and an outdoor swimming pool, have all been made 
available for the Conference. Andover is a charming 
old New England town twenty-three miles north of 
Boston on the Western Division of the Boston and 
Maine Railroad, and has good train and bus service. 
Thus there will be no need for those who plan to at- 
tend to depend on automobile transportation. 

The cost of meals and lodging for each day will be 
$2.25 with adjustment for part-days. All members 
in attendance and\ guests must register to help carry 
the expenses of the conference. The schedule of 
registration fees is as follows: 
$3.00 if paid before August Ist 
$4.00 if paid after August Ist 
$6.00—carries membership in the N.E.- 


A.C.T. including a subscription to the 
JOURNAL OF CHEMICAL EDUCATION 


Members: 


Non-Members: 


Fifth Summer Conference of the N.E.A.C.T. 


Preliminary Announcement 
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are likely to prove more effective than those by pupils, unless the 
teacher supervises the pupils’ demonstrations very closely. 


Even though there has been a great deal of research 
on this subject, we will have to admit that it does not 
furnish any conclusive proof that learning values will 
not be sacrificed if we substitute demonstrations en- 
tirely for individual exercises. All of us know that sci- 
ence teaching should do much more than impart a 
knowledge of facts. If we are to seek to realize such 
generally accepted aims as (a) understanding of and 
ability to use scientific principles, (6) understanding of 
and ability to use the scientific method, or (c) acquisi- 
tion of scientific attitudes, we may rightly contend 
that the individual method yields values not produced 
by demonstrations alone. 











Family or Guest fee: $1.00 (for non-professional persons only) 


The first session will convene on Friday evening, 
August 27, and will be followed by eight morning, after- 
noon, and evening sessions; on the Sunday morning 
program, time for church attendance will be allotted. 
Weather permitting, the Sunday evening meal will be 
a New England Picnic Supper in the ninety-acre 
Cochran Bird Sanctuary adjacent to the campus. 

Representatives of textbook publishers and dealers 
in laboratory equipment will be furnished space for 
exhibits, and it is planned to schedule time in the 
program for inspection of these worth-while displays. 

The program will be centered on, but not limited to, 
two main themes: (1) strategic materials, and (2) 
chemistry teaching and the war effort. Under the 
latter topic considerable attention will be devoted to 
participation of chemistry teachers in Civilian Defense 
activities. It is also planned to offer a work-shop on 
lecture demonstrations to run throughout the Con- 
ference. 

While the summer conferences of the N.E.A.C.T. 
are held primarily for the benefit of the members of the 
Association, anyone interested will be heartily wel- 
comed. Families of teachers will find much of interest 
in Andover and the surrounding countryside. The 
Addison Gallery of American Art and the Archaeology 
Museum, on the Phillips Academy campus, are out- 
standing in their fields. Attendance of non-professional 
guests of members is encouraged. 

Communications concerning the conference should 
be addressed to the committee secretary, Amasa F. 
Williston, B. M. C. Durfee High School, Fall River, 
Massachusetts. 


LAURENCE S. FOSTER 
(For the Committee) 























reseat 
Th 
book 
searcl 
carrie 





RECENT BOOKS 


ELECTROPHORESIS OF PROTEINS AND THE CHEMISTRY OF CELL 
Surraces. Harold A. Abramson, Lawrence S. Moyer, and 
Manuel H. Gorin. Reinhold Publishing Corporation, New 
York. 341 pp. 155 figs., 51 tables. $6.00. 


Whenever factual information regarding a subject has become 
sufficiently extensive, compilations appear, usually first in the 
form of review articles and later in the form of books. These, in 
turn, are followed by books dealing with more specialized phases 
of the subject. All of this is indicative not only of growth and 
maturity of a subject but also of the need for analysis and inte- 
gration of information and making the facts and the literature 
easily available to beginning students and the more mature re- 
search workers. The recent appearance of a number of texts re- 
lating to the chemistry of the amino acids and proteins is indica- 
tive not only of the ever-growing interest in this field but also 
that the subject has passed its adolescent stage and has reached 
the age of maturity. 

There can be no question that the technic of electrophoresis 
has provided a powerful tool for the elucidation of problems re- 
lating to proteins and particularly in demonstrating that many of 
the proteins that at one time were regarded as homomolecular 
are really a mixture of several components. It is still a far cry 
from the protein that has been isolated from natural sources by 
chemical methods to its state in living matter and this is a prob- 
lem that still remains to be solved. : 

Powerful as the electrophoresis technic has proved, it should 
not be regarded as the only tool available for the characterization 
of proteins. Electrometric titration, transport, diffusion, solu- 
bility, X-ray diffraction patterns, the ultramicroscope, and os- 
mosis are equally potent tools for the elucidation and characteri- 
zation of the behavior and the properties of proteins. Taken 
together, data obtained by the application of these and other 
methods that may be developed in the future have added and 
will continue to add to our ever increasing knowledge of amino 
acids and proteins. 

These statements are not to be construed as being non-indica- 
tive of the importance and the timely appearance of the book 
captioned above. In presenting the subject matter of electro- 
phoresis, the authors have well borne in mind the needs of both 
the beginning student and the more mature worker. The value 
of the book is enhanced by the inclusion of numerous graphs and 
tables. The writer feels that the usefulness of the book would 
have been greater had the authors included the complete litera- 
ture reference as a part of each figure and table rather than as 
footnotes which at times are not on the same page as the figure or 
table. While the authors have taken care to define electrophoretic 
mobility in specific terms, beginning students would have ap- 
preciated had the authors also included definitions of ionic mo- 
bility as obtained from transference data and by extrapolation 
of equivalent conductance to infinite dilution as well as the mo- 
bility of zwitterions determined by diffusion measurements. The 
authors undoubtedly felt that this was beyond the scope of the 
book. 

About half of the book is devoted to the application of the 
technic and facts obtained from electrophoresis to biological prob- 
lems such as the fractionation of proteins of normal and immune 
sera, the isolation of proteins from biologically important sources 
such as bacteria, venoms, pollens, etc., the interactions of proteins 
in mixtures and at surfaces, enzymes and hormones, and latex. 
A sufficient number of problems are open in these fields to keep 
research workers busy for years to come. 

The authors of this volume have done a worth-while job. The 
book will undoubtedly find a place in all laboratories where re- 
search work on amino acids, proteins, and related compounds is 
carried out. 


Teachers of chemistry will some day realize that some of the 
fundamental laws of both chemistry and physics can often be 
illustrated to better advantage by the use of data obtained from 
amino acids and proteins than by the classical examples generally 
used. To this end the book will also be useful. 

Car L. A. ScoMIptT 


UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


Noxious GASES AND THE PRINCIPLES OF RESPIRATION IN- 
FLUENCING THEIR ACTION. Yandell Henderson and Howard 
W. Haggard, Laboratory of Applied Physiology, Yale Univer- 
sity. (A. C. §. Monograph.) Second, revised edition. 
Reinhold Publishing Corporation, New York. 294 pp. 
12 figs. 14.5 K 23cm. $3.50. 


The second, revised edition retains and amplifies the admirable 
treatment of the physiology and chemistry of respiration pre- 
sented in the first edition. Based on the latest findings in the 
field of respiration, the treatment is sufficiently simple and 
clear to afford to the chemist a solid explanation of the physiology 
of breathing and to the physiologist the conditions imposed by 
the laws of partial pressures and solubility of gases. These 
considerations clarify the action of the various noxious gases 
and dictate first aid treatment. 

The discussion is limited to the gases and vapors occurring 
in industry and does not include those agents peculiar to warfare 
nor the harmful dusts encountered in industry. Especially 
valuable are the many tables giving allowable concentrations 
as well as those which are harmful in varying degrees. The 
physiological action, symptoms, prognosis, and first aid treat- 
ment of each gas are thoroughly presented. In the final chapters, 
methods of resuscitation and treatment as well as the merits 
of various types of protective masks are clearly explained and 
carefully evaluated. 

New chapters on the following subjects have been added: 
the significance of standards for physiological response to various 
concentrations of gases and vapors, chemical asphyxiants, and 
methods of resuscitation and comparison of various treatments. 
The book ends with a statement by Yandell Henderson in 
which all types of pulmotors and breathing machines are con- 
demned as useless or even positively dangerous The argument 
is based directly on the physiology of breathing and on actual 
laboratory experiment. Only the inhalator which furnishes a 
mixture of carbon dioxide and oxygen is recommended as a 
supplement to manually applied artificial respiration in first aid 
treatment. 

Unfortunately, several annoying misprints appear in the 
text. 

F. C. Hickey, O.P. 


PROVIDENCE COLLEGE- 
PROVIDENCE, RHODE ISLAND 


Doubleday, Doran & 
+ 465 pp. 5 figs. 


WitLtarp Grsss. Muriel Rukeyser. 
Co., Inc., New York City, 1942. xi 
15 X 23cm. $83.50. 

This biography of Willard Gibbs extols the extensive and 
precise imagination of the famous author of the phase rule. 
It gives an intimate and detailed picture of the life of two genera- 
tions of professors at Yale in the nineteenth century. A vivid 
impression of the times is conveyed by excursions into the 
story of the James family, Adams family, and contemporary 
literati. 

Readers who are accustomed to technical accuracy and com- 
plete sentences will not enjoy Miss Rukeyser’s repetitious style, 
fragmentary sentences, and round-robin chapters. 
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But aside from the extraneous material, the book does contain 
a summary of Willard Gibbs’ antecedents, his work, the ap- 
preciation in Europe of the importance of his work, the tardy 
recognition of his greatness in America, and a compilation of 
commentary on the influence of Willard Gibbs on modern 
chemical theory. 

ELBERT C. WEAVER 


BULKELEY H1GH SCHOOL 
HARTFORD, CONNECTICUT 


Arthur Talbot Bawden, President 
Revised edition. The 
xv + 832 pp. 321 


Man’s PHYSICAL UNIVERSE. 
of the Stockton Junior College. 
Macmillan Company, New York, 1943. 
figs. 15 X 23 cms. $4.00. 

Teachers of physical science will welcome the revised edition of 
this well-known book which was first published in 1937. It ir 
intended to be used as a text for survey course in physical 
science . . . “in a program of general or liberal education.” 

The purpose of the book is ‘‘to survey the phenomena of the 
physical universe with particular reference to man’s immediate 
environment, to present a knowledge of the vast and only 
partially explored setting of our civilization, to envisage the 
great problems of the origin and evolution of the universe, . . . to 
review briefly the present status of the nature and distribution 
of the resources which supply human needs and man’s ability 
to utilize them, and to show how man is gaining control over 
the forces of nature and harnessing them to do his work.” 

The book is divided into ten units. Unit I is subdivided into 
six sections; the other nine units into nine sections each. ‘‘Each 
section is intended to be used as the assignment for one lesson 
and constitutes a complete topic in itself.”” Each section is 
accompanied by a number of ‘‘study questions.” 

A rather extensive bibliography, corresponding to the various 
“units” is found in the appendix. The author stresses the 
practical importance of this bibliography as supplementary 
reading material to the text. 

This is one of the best texts in physical science that has come 
to the reviewer’s attention. It is well written in clear English. 
The choice of subject matter is excellent, modern, and practical. 
Although the organization of units follows in general the con- 
ventional subdivisions of physical science, the author achieves 
a considerable amount of integration with a minimum amount 
of duplication of subject material common to the various sub- 
divisions of physical science. The social implications of physical 
science are stressed throughout. The subjects are as pro- 
fessionally treated as an elementary approach permits. The 
book has been well edited and few errors were noted. 

One criticism that may be launched against the book is that 
the treatment of subject material is essentially descriptive. 
The book is practically devoid of arithmetical problems and 
formulas. 

Unit I is particularly well treated. It deals with the im- 
portance of the problem-solving ability, scientific attitude, and 
scientific method. Unit V stresses the practical applications 
and the social and economic implications of modern machines, 
engines, the automobile, and the airplane. 

Units VIII, [X, and X (279 pages) are devoted to the con- 
tributions of chemistry to modern living. These units give 
an excellent review of the more modern aspects of chemistry. 
However, section 8, Unit X, entitled ‘‘Protoplasmic and Cellular 
Organization Is Essential to Life’ seems irrelevant. 

C. S. ADams 


ANTIOCH COLLEGE 
YELLOW SPRINGS, OHIO 


MANUAL OF EXPLOSIVES, MILITARY PYROTECHNICS, AND CHEM- 
ICAL WARFARE AGENTS. Jules Bebie, Consulting Chemical 
Engineer, Professor of Chemical Technology, Washington 
University. The Macmillan Company, 1943. xi + 171 pp. 
14.6 X 22.0cm. $2.50. 

In the preface, the author states, “It is the chief aim of this 
book to be of service to scientific and technical workers in the 
field of explosives and war chemicals and to students who are 
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beginning to specialize in these subjects. Unless one knows 
the meaning of all of the terms, it is often necessary to make a 
search for information; and this, in the literature on explosives, 
is a time-consuming procedure.” 

Except for some omissions which, the author says, were 
best left unpublished under the present war conditions, this 
manual of references and cross references fulfils the author’s 
aim and is very timely. , 

Chemical names, trade names, and abbreviations are alpha- 
betically arranged. Information listed includes for most sub- 
stances composition (the structural formulas should prove 
very useful to students with chemical training), properties, and 
uses. 

A bibliography of books, bulletins and manuals, catalogs 
articles in periodicals, and patents is conveniently groupe 
in nine pages at the end of the manua' ard since rrectice t+ -' 
of the references cited there are of the last decade, this bibliog- 
raphy should serve as an excellent list for student readings. 

As a ready handbook, this manual should be placed high 
on the list of books to be owned by every technical library and 


serious student of the subjects treated. 
A. T. BURTSELL 


COLLEGE OF THE C1Ty OF NEw YorK 
New York, New York 


APPLIED NucLeEAR Puysics. Ernest Pollard, Assistant Pro- 
fessor of Physics, Yale University; William L. Davidson, Jr., 
Research Physicist, The B. F. Goodrich Company. John 
Wiley and Sons, Inc., New York, 1942. vii + 249 pp. 4 
plates, 62 figs. 15 X 23cm. $3.00. 

The success which has attended the use of the products of 
transmutation reactions in research in many branches of science 
has been so striking, and indeed so sudden, that many a scientist 
has read of important results in his field without having been 
able to understand clearly how they were obtained. This book 
has been written to help such scientists. Its authors ‘‘aim at 
presenting the essential facts and methods of artificial radio- 
activity and transmutation in such a way as to be of service to 
the growing army of chemists, biologists, physicians, and en- 
gineers, who, though not necesarily versed in the language 
of physics, are using the products of nuclear physics to further 
their ends in their own spheres.’””’ They have succeeded ad- 
mirably. 

The nature of atom nuclei, of their transmutation, and of their 
radioactive disintegration is discussed thoroughly enough to be 
of value to scientists in other fields, and yet without the use of 
the newer quantum mechanics which might have placed the 
treatment beyond their mathematical grasp. The technical 
aspects of nuclear physics are emphasized. Such topics as 
the detection of subatomic particles, methods by which they 
may be accelerated, and the detection of the products of trans- 
mutation are discussed in detail with many practical bits of 
advice as to the choice and operation of apparatus. 

The appendix contains tables of atomic species, of commonly 
used radioelements, of absorption of beta and gamma rays 
of the masses of the stable isotopes, and of the energy-range, 
relations of protons, deuterons, H’, He’, and a-particles. 

The style is informal and the obvious enthusiasm of the 
authors contagious. They close their book with the following 
paragraph: ‘‘To leave on this rather unsatisfactory note gives 
us genuine pleasure. This is an age of vanishing frontiers, and 
it adds a touch of vigor to consider that here the frontier is 
very much present. We doubt whether the complete under- 
standing of the atomic nucleus will be attained in our lifetime, 
and this adds considerable zest to existence. The feeling of 
zest is shared by workers in lab coats awaiting the 100-meter 
beam of the supercyclotron, by workers patiently amassing 
data about cosmic rays, by workers operating calculating ma- 
chines and wearing down pencils. A little of it should have 
reached the reader.” 

Joun A. TIMM 


Simmons COLLEGE 
Boston, MASSACHUSETTS 




















Qualitative Analysis 
By Spot Tests 


Inorganic and Organic Applications 
BY FRITZ FEIGL 


Second English Edition, Translated from the 
Third German Edition by JANET W. 
MATTHEWS, London, England 


6x9 462 pages $7.00 


From the Contents: Apparatus—Tests for Metals—Tests for 
Acids—Systematic Analysis of Mixtures—Organic Spot 
Tests—Applications of Spot Reactions—Tabular Summary of 
Sensitivities of Spot Tests 





illustrated 





From the Reviews: ‘‘Feigl’s book does not need a recom- 
mendation . . . the book is universally considered a standard 
work. It occupies a unique place in qualitative analysis. It 
serves as a guide for further research in the development of 
new (mainly) organic reagents and tests and it contains a 
wealth of information regarding the identification and sepa- 
ration of inorganic ions and molecules.” 


|. M. Kolthoff in Journal of Physical Chemistry 


Organic Reagents 


Used in Quantitative Inorganic 
Analysis 
BY WILHELM PRODINGER 


Translated and Amended from the Second 
German Edition by STEWART HOLMES, 


Saratoga Springs, N. Y. 





at 203 pages illustrated $5.00 





From the Contents: Reagents Forming Normal Salts—Forming 
Complex Salts—Reacting With the Formation of Insoluble 
Metallic Adsorption Compounds—Determination Forms: 
Insoluble Normal Salts, Inner Complex Salts, Penetration 
Compounds—Metal Adsorption Compounds as Precipitants 


From the Reviews: ‘The descriptions of procedures are 
clear enough to be readily applied, and those embodying 
the use of nitron, Lundell and Knowles’ conclusions on 
cupferron, the abstract of Hellmuth Fischer’s investigations on 
dithizone, and Berg's research on oxine are particularly goad. 
The translator's introduction of oxine and neocupferron are 


to be commende 
W. A. Hynes in The Indicator 


Specific and Special 
Reactions 


for Use in Qualitative Analysis 


With Particular Reference to 
Spot Test Analysis 


BY FRITZ FEIGL 


Translated from a Revision of the Third 


German Edition by RALPH E. OESPER, 
Cincinnati Ohio 


6x9 - 192 pages 


From the uataiie Types of Complex Compounds—Masking 
of Reactions—Enhancement of Reactivity—Atomic Groupings 
—Effects on Solubility—Capillary Phenomena—Fluorescence 
Analysis 


$3.50 





From the Reviews: “In this volume Feigl discusses chemical 
reagents and chemical reactions from the point of view of their 
utility in chemical detection and in chemical analysis in a 
broad, illuminating, and so far as | am aware, unique fashion.” 


Arthur B. Lamb in Journal of the American Chemical Society 


Organic Chemistry 
BY PAUL KARRER 


Translated from the Sixth German Edition by 
A. J. MEE, Glasgow, Scotland 





61% x 934 902 pages $11.00 
From the Contents: |. Aliphatic Compounds: 1. Hydro- 
carbons and Compounds with a Monovalent, Divalent, Tri- 
valent, and Tetravalent Functions—5. Compounds with Two, 
Three or More Functions in the Molecule. Il. Carbocyclic 
Compounds: A. Aromatic compounds: 1. Compounds with 
a Monovalent, Di- and Trivalent Functions—3. Pyrone Com- 
pounds Indigo dyes—4. Quinones. B. Alicyclic Compounds. 
Ill. Heterocyclic Compounds: 1. Simpler Heterocyclic Com- 
pounds with more or less Aromatic Nature—2. Alkaloids. 
IV. Organic Compounds with Heavy Hydrogen. Tables. 


From the Reviews: ‘The book presents in a concise manner a 
i body of practical information covering a broad range 
of subjects, and it has become recognized as one of the most 
authoritative and up-to-date general surveys of the field 
available in a work of medium size. 


Louis F. Fieser in Journal of American Chemical Society 
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TRADE ANNOUNCEMENTS 


New Laboratory Furniture Catalog 


A new catalog, No. 43, covering the ‘‘Steelab”’ Line of Labo- 
ratory Furniture and Equipment has just been published by 
Laboratory Furniture Company, 3718 Northern Boulevard, Long 
Island City, New York. 





The catalog covers both the educational and industrial fields 
and has separate sections covering items of interest to all users 
of laboratory furniture. The designs contained in the catalog 
are said to be the result of over 20 years’ careful study of the re- 
quirements of users of this type of equipment. 

A good deal of space in the catalog is devoted to standard sec- 
tional units. By utilizing these standard units a custom built 
installation, arranged to suit the user, can be built economically. 

The book is divided into several principal sections: One is de- 
voted to construction features of ‘‘Steelab’’ Equipment, technical 
information, specifications and helpful information on planning a 
laboratory. Another section covers industrial laboratory equip- 
ment and is arranged so that the major items used in a specific 
type of laboratory are grouped together. The section on edu- 
cational laboratory equipment illustrates and describes the needs 
of every type of educational institution whether it be the simple 
equipment used in a general science class or that used in the highly 
specialized university laboratory. Equipment for use in domestic 
science and manual arts is fully covered in a special section. 

Anyone planning a new laboratory or contemplating refurnish- 
ing his present quarters will find the book useful. A copy of this 
224-page catalog and manual may be had without charge if re- 
quested on your official letterhead. 


‘How to Recondition Worn Pump Shafts and Rods’’ 


Four different methods for renewing worn metal parts such as 
pump rods and shafts are described in a new booklet published 
by The International Nickel Company, Inc., 67 Wall Street, New 
York. Using a worn pump shaft as practical example, the booklet 
explains and illustrates the step-by-step procedures for recon- 
ditioning the shaft: 

By machining and refinishing the worn section. 

By building up and refinishing the section by welding. 
By metal spraying. 

By heavy and hard electrodeposition. 


Adams “‘Poro-Stone’’ Research Filter 
The Adams ‘‘WJR-1”’ Pilot Filter is a compact, single tube 
unit, specially suited to research departments requiring small 


pilot plant service for test purposes. Due to its simplified con- 
struction, the Adams ‘‘WJR-1”’ Filter is accessible for inspection 


XVI 


at all times and can be quickly cleaned. It is adaptable to 
practically all types of non-corrosive filtration. 

A wide choice of filter mediums gives the ‘““‘WJR-1” wide cover- 
age of clarification operations. PORO-STONE, with separation 
of particles from 0.001” to 0.003”, is effective for water; PORO- 
CARBON is recommended for clarification of caustics; PORO- 
SCREEN is a monel-cloth medium for separation of particles 
down to 0.004”. 

Adams “‘WJR-1” Filter may be installed for backwashing 
with the liquid being filtered or with clean filtered water from 
an outside source. 

Full details on this versatile filtering equipment may be 
obtained by writing the R. P. Adams Company, Inc., 55 Chicago 
Street, Buffalo, New York. 


Temperature Control Cabinets 


Catalog 325, issued by the Precision Scientific. Company 
1750 North Springfield Avenue, Chicago, Illinois, contains fcrty- 
eight illustrated pages pertaining to ‘‘Precision’’-Freas constant 
temperature control cabinets, including an extensive variety 
of standard models, as well as many photographs of constant 
temperature cabinets and baths built to specifications. Stand- 
ard cabinets include electrically heated ovens for laboratory 
drying operations, plastics, preheating, conditioning, rubber 
aging; sterilizers, incubators, paraffin embedding ovens; low 
temperature cabinets, humidity control cabinets; steam-heated 
explosion-proof cabinets carrying Underwriter’s approval; 
vacuum ovens and combustion-tube furnaces for laboratory 
use. Included also is general information pertaining to me- 
chanical and gravity convection heat transfer. Catalog is 
accompanied by price list. 


Stedman Packed Columns 


A new bulletin on Stedman Packed Columns is offered by 
Scientific Glass Apparatus Company, Bloomfield, New Jersey. 
According to the bulletin, the conical type of Stedman Packing 
is fabricated from stainless steel wire cloth. This packing is in- 
serted in a special pyrex column having a constant bore with 
tolerance of better than 0.001” in diameter. 


Stedman Packing is furnished in three types of columns: 
Type A is a plain glass tube with an ‘‘inter-joint”’ at each end, 
Type B is the same as A but with the addition of a silvered vac- 
uum jacket, Type C is the Type B column over which an elec- 
trically heated insulated jacket has been constructed so that sub- 
stantially adiabatic conditions can be obtained. 

Copies of the Stedman Packing bulletin, which gives complete 
information on packing construction, sizes, prices, and perform- 
ance characteristics, are available on request. 
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Our Frontispiece, For You to Shoot At 


The casual reader, we suspect, will think that this month’s frontispiece is out of place, that it has 
no real relation to the field of chemistry. We stoutly maintain, however, that all the effective 
weapons of this war are, to a very great extent, products of the work of chemists. So firmly do we 
believe this that we are willing to bet on it! We therefore announce that we will pay ten dollars, in 
United States War Savings Stamps, for the best account of the ways in which chemistry has con- 
tributed to the construction and operation of this M-4 tank. And we will publish the winning 
. essay. Manuscripts should not be longer than 2000 words and must be sent to the Editor not later 
than July 30. 








A Sturdy, Heavy Duly Scale 
Resisting all Gorms of Corrosion 





WELCH STAINLESS STEEL BALANCE 


Triple Beam-Cobalite Knife Edges- Agate Bearings 











Pat. Nos, 
1,756,292 
1,876,465 


No. 4050 


CAPACITY: 1,610 Grams 
SENSITIVITY: 0.1 g. 


Welch introduced the first triple-beam trip balance. 
This new design is the result of many years‘ prog- 
ress and research, embodying outstanding and 
valuable improvements. 


EVERY SCREW, RIVET AND NUT IS STAINLESS COBALITE KNIFE EDGES HAVE LONGER LIFE. 

STEEL. The hard, smooth, corrosion-resistant properties of Co- 
This makes for the highest corrosion resistance and negli- balite knife-edges are found to have a life 10 to 20 times 
gible penetration by chemicals or laboratory fumes. that of hardened steel. Bearings are of selected quality 


WELCH SCALES ARE ALWAYS BRIGHT—CLEAR— “me. 
EASILY READ. STAINLESS STEEL COVER PROTECTS BEARINGS. 


The exclusive use of stainless steel insures fine, sharp, This prevents materials from falling into the agate bearings 
easily read graduations on the beams at all times. supporting the Cobalite knife edges. ' 


BEAM ARREST PROVIDES RAPID, ACCURATE WEIGHING. 





Complete with two extra weights, Each $12.00 





W. M. WELCH SCIENTIFIC COMPANY 


Established 1880 
1516 Sedgwick Street Chicago, Illinois, U.S.A. 
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Editors Outlook 


ONVERSION is one of the watchwords sure to 

survive the present war. It is not only playing 
an important part in the present comflict but in its 
very implication it is especially appropriate, for it 
sums up one of the many ideals for which we are fight- 
ing: freedom of individual initiative and its free 
mobilization in a national emergency. 

All of us, little fellows and big, are turning our 
businesses, factories, professions, and occupations into 
war industries, voluntarily and enthusiastically. No, 
the result isn’t one hundred per cent yet, but the 
heavier the bomber the longer the take-off run, and 
once we are in the air there will be plenty of reason 
for the enemy to dive for cover. 

Our war is being fought by a citizens’ army, built 
up from scratch around one of the smallest standing 
armies; it is an all-out, national war, in which everyone 
has a part, down to the housewife who saves her tin 
cans and grease scraps. And the efforts we are making 
in connection with these two considerations will, I 
believe, go a long way toward making us a better 
citizens’ nation. We are proving that we can convert 
our own lives and industries to war use, thus proving 
that our democratic institutions are worth fighting for. 
If we fail in this, and find it necessary to recast our 
social, economic, and industrial institutions into a 


mold prefabricated for us by a higher military or govern- 
ment authority we confess ourselves conquered by the 
idealogy of our enemy, even though we storm his fort- 
ress and crush his military force. 

The price of democracy—like that of freedom, its 


counterpart—is eternal vigilance. The infiltration of 
ideas is even harder to guard against than infiltration 
of wily enemy troops in the jungle. Unless he is care- 
ful, the scientist may become so preoccupied with the 
details of his own work that he will only wake up too 
late to realize that he is all tied up in red tape, well 
intentioned maybe, but no less binding, and certainly 
not of his own winding. 

Too often, when a conscientious group gets its affairs 
in good enough running order to bring itself to public 
attention, along comes a governmental agency, gener- 
ally dominated by “professional administrators,” 
with the proposal to take over. If it isn’t directly im- 
plied that the originators are incompetent, or unable 
to act in the public interest, they are at least indirectly 
insulted as unfitted to exercise the democratic preroga- 
tive of individual initiative. 

If there was ever a good example of this it is the pro- 
posed Science Mobilization Bill, now before Congress. 
Scientists and technologists have already done most of 
the effective mobilizing for this war, if the news from 
the various fronts can be taken as any indication, and 
the results speak for themselves. Our small-parts 
manufacturers have done their jobs most satisfactorily 


because there were no party committees, commissars, 
or gauleiters to clutter up the place. Similarly, 
scientists and technologists, because they talk the same 
language, know where they are going and how best to 
get there, and have been making the best progress 
because they have been let alone by the professional 
politicians, administrators, and general hangers-around 
in the halls of government. That is our democratic 
way of doing things, and while it may perhaps be slow 
it gathers speed in its progress, until it is just about ir- 
resistible. 

Too many of us succumb to the vacuum-cleaner 
salesman when he comes around in the spring, telling 
us that our last year’s model should be replaced by a 
new one, because it is squeeky, full of dirt, and gener- 
ally run down. As a matter of fact, we don’t need 
new machinery; all we need is to clean and oil up what 
we have. We were under the impression, for example, 
that the National Academy of Sciences was founded, 
a long time ago, for somewhat the same purpose as the 
proposed Office of Scientific and Technical Mobiliza- 
tion. 

Maybe you have seen fussy old Aunt Mollie bustling 
up to sturdy little Johnny, who is making an electric 
motor hum. Says Auntie: ‘‘Now, Johnny, that’s a 
pretty big and dangerous piece of machinery you’ve 
got there. I’m sure you will hurt yourself and blow 
all the rest of us up. Now I'll take care of that and 
show you how to handle it.’’ Of course, Auntie gets 
the wires tangled, blows a fuse, and blacks out the 
whole house. 

However, there is a lesson in all this, and it particu- 
larly affects the education of our students of chem- 
istry. We must be sure that their training involves 
a proper appreciation of social responsibility. If we 
are to maintain our right to the guidance of our own 
individual initiative—as of course we will—we must 
prove our ability to exercise it in the public interest. 
There has been a great deal of suspicion that science, 
technology, and industry have been grinding their own 
axes. To be sure, our early national history has shown 
that grinding your own axes gets the trees of the wilder- 
ness cut down. But it is true that we have not only 
to clear our own back lots, but the public forests as well. 

The tendency in education, and in all world affairs, is 
toward the development of a more acute social con- 
science. This is not incompatible with individual 
initiative; it complements it. Some progress in this 
direction will undoubtedly be one of the results of the 
war; some will say that it was one of the causes of it. 

At any rate, the education of our future scientists and 
technologists must recognize it, in order that they may 
inspire public confidence and that the science and 
technology of the future may be free from the suspicions 
that are too common today. 
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Whati Been ang On 


Magnesium. In 1939 the production of magnesium was 3350 
tons. During the past year several new plants have been 
erected which have increased production 100-fold. The Per- 
manente Corporation has a plant which uses the Hansgirg proc- 
ess, in which calcined magnesite is reduced with carbon at 
high temperatures (2000°C.). This temperature is reached by 
use of a 3-phase electric arc furnace, If the products were 
allowed to cool together the reaction would be reversed; so the 
magnesium vapor is diluted with a cold inert gas, in this instance 
natural gas. The magesium is recovered as a fine powder which 
must be consolidated before fabrication. The waste natural 
gas is used for fuel in the cement kilns adjacent to the magnesium 
plant. 

Several plants are operating which have adopted the Pidgeon 
ferrosilicon process. In this method dead-burnt dolomite is 
briquetted with ground ferrosilicon (75 per cent silicon or higher) 
and heated in alloy steel retorts to about 1150°C. The magne- 
sium is removed by vacuum distillation and is crystallizd in 
stainless steel tubes from which it is readily removed. The cal- 
cium is not removed under the conditions of operation. One of 
the problems presented by this process is the selection of the 
best and most economical type of retort, since the temperature 
of maximum efficiency is only slightly below the softening point 
of the special stainless steel used. The companies which use the 
method at present are the New England Lime Co., The Ford 
Motor Company, the Permanente Corp., and the Magnesium 
Reduction Company, with plants spread from coast to coast. 

Basic Magnesium, Inc., the world’s largest magnesium plant, 
began operation in the middle of last year and in November was 
placed under the management of the Anaconda Copper Mining 
Company. This plant uses as raw material magnesite (MgCOs), 
which is mined, concentrated, and calcined at the site of the ore 
deposit. The oxide is converted to anhydrous magnesium chlo- 
ride, which is melted and electrolyzed. 

At the Freeport plant of the Dow Chemical Company, 85 per 
cent magnesium chloride, MgCl.H2O, is used as feed in the 
electrolytic cell and is procured from sea-water. The magnesium 
in the raw water is precipitated as Mg(OH)s by means of lime 
and is then converted to the chloride. The Permanente Cor- 
poration is also turning to oceanic magnesium as a source. 

Procurement of magnesium has not been the sole problem 
faced in this development; it has been necessary to erect fabri- 
cation plants, to train labor, and to provide adequate housing, 
often in remote sites, for the large number of workers required. 
In addition, it has been necessary to procure adequate electrical 
power for those plants which are based upon the electrochemical 
reduction methods. Despite this, progress has been so great 
that there will be enough magnesium produced this year for the 
very large estimated requirements. 

Beryllium. Approximately twice as much beryllium is being 
produced as at the beginning of 1942, amounting to about seven 
tans a month. Much of this is used in beryllium-copper alloys 
for heavy bushings, instrument parts, springs, and diaphragms. 
Important new beryllium ores have been discovered in New 
Mexico and Illinois. Beryllium can be purified by melting it in 
beryllium oxide or graphite crucibles and distilling off the magne- 
sium. Addition of 0.06 per cent of beryllium to platinum, for use 
as resistance windings in furnaces, increases the life of the coil 
from four to six times. 

Selenium and Tellurium. The use of selenium in photoelectric 
cells is rapidly expanding; 100,000 pounds of selenium are also 
used annually in the production of pink and ruby glass. Selen- 
ium permits better transmission in the red part of the spectrum 


1 Abstracted from Annual Review Issue of Mining and Metal- 
lurgy, February, 1943. 


than does copper, and for that reason is preferred in railway 
signal lenses. It has been found that addition of an extremely 
small amount of tellurium increases the depth of chill in cast 
iron. Both selenium and tellurium may be added to copper- 
base electrical contact alloys to help prevent sticking. 

Tungsten. New deposits of scheelite, calcium tungstate, have 
been discovered in Ontario through the use of short wave ultra- 
violet mercury vapor lamps. To the prospector, “lamping”’ at 
night has become as important as “‘panning.”’ 

Indium. Indium plating on such metals as cadmium, tin, 
lead, and copper results in an alloy surface which is more corro- 
sion resistant than the base metal and has superior hardness or 
wearing characteristics. Indium diffused into silver or silver- 
lead bearings enhances antifriction properties and resistance to 
erosion and corrosion. 

Precious Metals. Palladium hardened with five per cent 
ruthenium is now being employed for jewelry. Gold has re- 
ceived an unusual industrial demand because of its corrosion 
resistance, and a satisfactory electrolytic gold surface can be 
applied at a cost of one-half cent a square foot. Soft solder, 
containing two and a half per cent silver, the rest lead, is used 
in soldering the side seam of tin cans in place of the tin-lead 
solder previously used. Joints made by silver alloy brazing of 
18-8 stainless steel sections are frequently stronger than the 
metals jointed. Silver bearings, used for the main motor bear- 
ings in aircraft, are produced by electroplating the casting. 
Platinum clad steel, with a platinum layer from 0.002 te 0.005 in. 
thick, is now used for corrosion resistance. Platinum alloy 
electrodes are used in spark plugs. 

Alkali and Alkaline Earth Metals. A solution of lithium chlo- 
ride is used in air-conditioning systemsin public buildings and in 
certain types of naval vessels. The demand is so great that no 
lithium remains available for ceramics. Production of lithium 
salts from North Carolina spodumene has been started. 

Strontium peroxide is an important chemical for making tracer 
bullets. This demand has stimulated experimental work on the 
recovery of strontium sulfate from the low grade celestite ores in 
Texas. Barium cements containing as much as 50 per cent 
barium oxide have high specific gravity and have been sug- 
gested for making concrete blocks to be substituted for pig iron 
for ships ballasts. These cements have greater mechanical 
strength than ordinary Portland cement and their relative 
impermeability to x-rays permits them to be substituted for 
lead for protection from such radiations. 

Cesium, rubidium, and potassium can be used as well as 
selenium for cathodes in light-sensitive cells. 

Radium. The Eldorado Mine at Great Bear Lake, Canada, 
has been reopened after two years of idleness and has resumed 
production of pitchblende concentrates as a source of radium 
and uranium compounds. 

Tantalum. Tantalum is being used in relatively large quan- 
tities for making tantalum carbide machine tools and for fabri- 
cated tantalum equipment for the chemical industry. 

Zirconium. Small-scale production of pure ductile zirconium 
has been started in this country. By reducing the complex salt, 
potassium zirconium fluoride, by means of potassium, or by 
reducing zirconium oxide by means of calcium, 99.7 per cent 
pure zirconium is obtained. 

Mica. Mica is so essential for certain types of military equip- 
ment that sales of the better grades are rigidly controlled. 
Mica spark plugs are superior to all others for combat planes. 
A deposit of high quality muscovite was discovered in Ontario 
from which sound sheets up to two by three feet may be ob- 


tained. 
L. S. Foster 
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Chemical Warfare 


The Chemist and Civilian Defense 


T. D. STEWART 


University of California, Berkeley, California 


HIS symposium is being held to discuss the con- 

tribution that chemists, as professional men, may 
make to civilian defense. At a time when every person 
desires to be of service, the man of professional training 
naturally feels that his talents should be put to direct 
use in the war effort. This spirit at its worst is ex- 
emplified by members of a riding club out west who 
felt that since they knew the trails through the hills 
they could lead other citizens to safety in case of 
attack, provided the Government would furnish them 
with horses. At its best it has found expression in 
the unselfish work of thousands of women who con- 
tribute their household skill in sewing and cooking and 
nursing. 

The role of the chemist in civilian defense paralle's 
his function in industry. As a technician he knows 
how to perform specific tasks; his knowledge and under- 
standing permit him to solve troublesome problems; 
as a man of judgment and with a capacity for leader- 
ship he may direct research and production. Civilian 
defense called for those same aptitudes. It asked for 
men familiar with chemical substances to operate sta- 
tions and detection devices; it asked for ways and 
means to achieve protection against hazards not specifi- 
cally covered in the manuals; and finally it asked 
that the warden service be augmented by technically 
trained men to act as instructors and advisors in 
chemical warfare. 

From the attack on Pearl Harbor until after the 
Battle of Midway the San Francisco Bay area con- 
sidered itself the probable point of any enemy attack 
on the mainland. Industries, wharves, and arsenals 
spread for miles along a shore line outlined by the 
bay—perfect targets that could not be hidden. Army 
and Navy spokesmen began in January, 1942, to em- 
phasize the danger to come during the spring and 
summer, when a fog bank covers the ocean from Alaska 


1 Paper presented in the ‘‘“Symposium on Civilian Preparedness 
for Chemical Warfare’’ at the 105th meeting of the American 
Chemical Society at Detroit, Michigan, April 12-16, 1943. 


to Mexico. Their thesis was that carriers could hover 
off shore, send bombers to attack, and hide with 
impunity in the fog. In this interval the problem of 
civilian defense was to awaken residents to their danger 
and organize protection. It did so well in describing 
the impending hazards that many people retired to in- 
terior points; thousands flocked to volunteer their 
services as wardens, and a notable few called in alarm 
for the recall of the Navy to protect our homes, in- 
stead of seeking battle. In this atmosphere bordering 
on hysteria, gas warfare loomed as a frightful thing. In 
the training of block wardens, two evenings out of a 
total of about twelve were devoted to it. Officers 
of the Chemical Warfare Service gave a few lectures 
to selected groups, and these were supposed to act as 
instructors in their own communities. 

In the preliminary training and organization, the 
chemists of the community as such had no part. Their 
availability for tasks requiring technical understanding 
was completely unknown to officials who had the re- 
sponsibility for organizing civilian defense. The reason 
for this seems to be twofold. In the first place the 
technical nature of the task was itself not recognized. 
Secondly, it has been evident that the choice of leaders 
for this public service has been based upon the accident 
of personal acquaintance or the prominence of an 
individual in his community. Aside from the over- 
time drafting of police and firemen, the men drawn 
upon to fill the emergency had previously shown a 
sense of public duty or a marked capacity for co- 
operative effort. Perhaps if some chemist had dis- 
played during previous years such interests and apti- 
tudes, he would have been drawn at the first into the 
planning of civilian protection. 

I had the pleasure eventually of introducing several 
of our chemists to an harrassed officialdom, offering to 
take off their shoulders a distressing load. By that 
time such assistance was appreciated and the men 
appointed to this responsibility have admirably fitted 
into the complicated scheme of things. 
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It was no accident that protection against toxic gases 
in our sector was placed in the hands of the county 
health officer. He could be presumed to understand 
the physiological action of these substances, and he 
was virtually the only county official with a technical 
background. His first act was to appoint a committee 
charged with the organization of decontamination in 
case of an attack. It is understandable that the chair- 
man of this committee was also a physician. Other 
members included representatives of the various city 
services, such as inspectors of buildings and streets. 
But the committee also had a technical advisor and it 
was in this capacity that the chemists of the com- 
munity received representation in a matter that was 
peculiarly their own concern. Two problems con- 
fronted this committee. The first was the action to be 
taken to protect a civilian population against gas; 
the second was the choice of personnel to assure that 
protection. 

The original concept of decontamination centers was 
reviewed by this committee. Plans were drawn for 
such centers, placed within five-minute walks of each 
other. Lists of matériel were revised, and the pressing 
problem of manning the stations with trained personnel 
was studied. The plan was never completed, even 
though in principle it carried out all the injunctions 
from headquarters. One reason for discarding it was 
financial; each station required an expenditure of from 
one to two thousand dollars, and the individual cities 
held the purse strings. A better reason lay in the 
fact that the stations were essentially impractical for 
the intended purpose. The booklets and lecturers 
suggested that mustard gas should be washed off 
within ten minutes of exposure, and we were aware, 
from experiments on ourselves, that ten minutes was 
far too long a time to wait. In place of such stations 
we instituted a local campaign for self-aid, in which 
every home furnished the required facilities to anyone 
in need. We experimented with the rapid cleansing 
of large groups of people, on the theory that an en- 
forced evacuation of a residential area would require 
provision for cleansing and clothing of the evacuees. 

Another problem that appealed to us as most pressing 
was that of detection of gas and alarms. So much had 
been said about gas and its horrors that the civilian 
population needed the assurance that no gas was 
present even more than it needed the warning of its 
presence. To expect each warden to be a cool-headed 
detector was expecting too much; to set up a central- 
ized, mobile detection unit struck us as equally im- 
practical as a first approach. So we suggested to the 
county authorities that we assemble and train war-gas 
officers, using the chemists of the community as a 
nucleus. They would have authority to sound alarms, 
and each man would use his independent judgment in 
the district to which he was assigned. Since min- 
utes were important, we visualized an immediate alarm 
being sounded at any point, without reference to or per- 
mission from the central control, and without regard to 
alarms in neighboring districts. Residents would be 
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urged to trust the absence of an alarm as an indication 
of no gas. For this we needed men assigned to the one 
task, with no other duties to divert attention, and men 
of judgment, least apt to be confused by strange odors. 
Permission was granted to proceed with this plan in 
February, 1942, and a call was immediately issued to 
our membership for volunteers and training was begun. 

A month later we were able to present to each city 
defense council a list of trained men from whom to 
choose the executives in charge of gas detection, warden 
training, and decontamination. Certain men were 
nominated by us and appointed. They are still 
functioning. One feature of our procedure is worthy of 
notice. These men were trained in a school author- 
ized by the head of the county defense council, but 
they had to function within the defense organization 
of the individual cities, whose warden training schools 
were already in operation. Part of our problem was 
to convince the city authorities that the plan of using 
men of special training in a task of a technical nature 
was sound. It helped to be able to say that we had 
already trained a nucleus from which to start and to 
be able to recommend definite men to head the groups. 
The problem was looming so large by that time that 
the concrete assistance offered was most eagerly ac- 
cepted. 

The local war-gas officer had many problems besides 
the detection and warning of gas. One of them was 
the reconciliation of the OCD manual with local con- 
ditions. We were told in words and diagrams that the 
ideal place to be in an attack was between the fourth 
and tenth floors of a tall building. It so happens that 
in our city of 100,000, there is just one building of more 
than four floors; residents in bungalows were con- 
demned. Moreover, the newspapers spread the word 
to go downstairs to avoid bombs and stay upstairs to 
avoid gas, at a time and place when most of us lived 
in one-story dwellings. The idea of a gas-proofed 
shelter in each home was eventually recommended, with 
the naive suggestion that if a bomb blew out the 
windows of the room chosen for the shelter, one should 
promptly seek another room. 

The list of things that the householder should have 
at hand grew and grew, and our problem was to spread 
the gospel of simplicity of action. We sought to con- 
centrate on soap, rather than a particular kind of soap, 
for vesicant treatment; we urged the readily available 
household bleach—sodium hypochlorite—instead of 
chloride of lime, which was unobtainable in quantity. 
We sought to dispel fear by passing samples of the 
war gases among the members of an audience and in- 
stilled respect by showing small burns. Every man 
who went through our schools was used as a guinea pig 
to demonstrate the effect of delay in washing off mus- 
tard gas, and to assure him that either hypochlorite or 
soap, used liberally, could afford protection. We noted 
that any attempt to wash off only the spot where appli- 
cation had been made often resulted in spreading, 
whereas a liberal washing and thorough rinsing pro- 
duced no spreading. It is also clear to us that sodium 
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hypochlorite is far superior to lime bleach and more 
certain than just soap and water. 

The effort required to teach a few hundred people 
a simple concept is very appreciable, but compared 
to the task of acquainting all the residents of a city 
with that same concept, it is nothing. The last war 
showed clearly that what the army called ‘‘gas dis- 
cipline’” among troops was the proper defense against 
the use of gas. Unfortunately, it meant that at least 
every corporal, if not every private, be alive to the 
hazard he was under and be prepared to do the proper 
thing. The action required in an army can be achieved 
by order, but among civilians it is either the result of 
self-confidence derived from constant reiteration of a 
single idea, or the result of trial by fire. It did not help 
to have several different agencies devising details and 
directions, none of whom had the single problem of 
civilian defense in mind. 

Much of the confusion of thought that we all experi- 
enced last year was due to inappreciation of the prob- 
lem before us. First, we were given recipes for 
action that in too many cases proved inadequate; 
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second, revisions of these recipes were made offici- 
ally by those who had no demonstrable basis for their 
conclusions. Avoidance of such incidents requires 
more than technical knowledge. It requires a keen 
appreciation of the circumstances under which a remedy 
or recipe is being used and a willingness to accom- 
modate technical procedure to expediency as governed 
by the problem and the people concerned. 

As professional men we have much to offer our 
respective communities. Our understanding of vapor 
pressure, diffusion, surface tension, solubility, oxida- 
tion, rate of hydrolysis, and indicators helps us to 
arrive at a procedure for the cleansing of a sack of 
potatoes contaminated by mustard gas, but those 
factors are of little help in the comforting of our 
neighbors who want to know how a baby may be 
protected from a toxic gas, when they must themselves 
supervise that protection. Our skill as technicians 
must be surpassed by our skill in generating confidence 
in our judgment, and our technical ability upon occa- 
sion is worthless unless tempered by human under- 
standing. 


Chemical Aspects of Civilian Defense 


COLONEL A. GIBSON, Chemical Warfare Service, United States Army 


PROBABILITY OF THE ENEMY USE OF CHEMICALS IN THE 
PRESENT WAR 


HILE avoiding the temptation to let the imagina- 

tion soar and a possible tendency to exaggerate 
the importance of chemical warfare, we may reason- 
ably join with the British soldier and scientist, Victor 
Lefebure, in the statement, that ‘‘the only new casualty 
producers, the real aggressive agents which have de- 
veloped since the Middle Ages are chemicals. . . . Other 
branches have contributed towards improving, and have, 
in fact, revolutionized certain weapons. But chemical 
science is the only one which has introduced new 
casualty producers. ... It is a solid fact that although we 
may employ this term in a general way yet today the 
agencies of war center around chemistry.” 

Why was chemical warfare initiated in World War I? 
The reason that chemicals were and are used in war is 
that man from the earliest times in employing force 
against an enemy has made use of whatever his natural 
resources, his development in art, science, industry, 
and his inventive ability made available. When the 
chemical industry reached a suitable point of develop- 
ment, chemicals became a weapon of war. The Nobel 

1 Paper presented in the “Symposium on Civilian Preparedness 
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Prize winner in physics, Millikan, stated that the arms 
race began many thousand years ago, when a fellow 
picked up a stone and threw it and found that, instead 
of biting a man in the neck, or hitting him with his fist, 
he could reach him at a greater distance and do more 
damage with a missile. That is when the armament 
race, or the struggle for improved methods, and com- 
petition as to means of carrying on war, began. And 
we have been keeping it up ever since. Chemical war- 
fare was but a step in the evolution of weapons, begun 
in the stone age. 

Each markedly new development in technical means 
of warfare was in turn decried as tending to make war 
more inhumane. However, man has been no more cruel 
or inhumane in these later periods than when means 
and methods of war were rudimentary. In every war 
he has sought to use whatever means his scientific, 
technical, and industrial development and his natural 
resources made available to his fighting forces. He 
used chemicals as a weapon in the World War because he 
had a chemical industry that made chemicals available. 
The reason chemicals in the nature of smoke and gas 
were not used before the World War is that chemicals of 
suitable types and sufficient quantity were not available 
in any previous war. 

As a matter of fact chemistry has been a major factor 
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in warfare since the introduction of gunpowder on the 
battlefield in the 15th century. 

Chemical warfare was a vital factor in the World 
War months before the first gas attack on April 22, 
1915, at Ypres. The Germans, cut off from the nitrate 
fields of Chile by British sea power could not have 
carried on the war for more than five months had not 
the noted chemist, Haber, by the application of chemi- 
cal science, devised means of providing nitrates from 
the air, without which the manufacture of explosives is 
impossible. The Haber Process for fixation of nitrogen 
saved Germany from sure and early defeat. As a 
matter of fact, Germany in 1914 did not declare war 
until the chemist Haber had made the Reich independ- 
ent of overseas supplies of nitrates. It is a sad com- 
mentary that this same Jewish scientist to whom Ger- 
many owed so much was driven into exile and died in 
deep depression by his own hand. 

This process of mining nitrogen from the air has not 
only affected the conduct of war but has changed the 
whole aspect of agriculture, converting (previous to 
this global war) a potential food shortage for millions 
into an embarrassing abundance. Now that the rav- 
ages of World War II have developed a food shortage 
throughout the world, the mining of nitrogen from the 
air to replace that exhausted from the earth is a con- 
tribution of science that will save millions of lives. 
Scientific discoveries are neutral and depend for their 
humanity or inhumanity upon the use made of them. 

In World War I, a further extension of the use of 
chemicals by the Germans in an attempt to break the 
deadlock on the western front was but a logical step in 
the evolution of weapons. For the first time in a major 
war a nation had a chemical industry capable of fur- 
nishing chemicals in quantity (as gas and smoke) on 
the battlefield. 

The nation that initiated this use was at that time 
the leader throughout the world in chemical science 
and industry. It was but logical that when in desper- 
ate need of a new weapon to break the deadlock on the 
western front, she turned to her chemists. Is it pos- 
sible that she may do so again should she be faced 
with an equally desperate situation in this war? 

One of the knightliest of General Lee’s officers, 
Brigadier General W. N. Pendleton, Chief of Artillery, 
of the Army of Northern Virginia, and who was after- 
wards a revered Episcopal minister of Lexington, Vir- 
ginia, sought in 1864 to obtain by requisition from the 
Chief of Ordnance, General Baldwin, gas shells to be 
used against the Union forces. The Chief of Ordnance 
could not furnish them. The chemical industry of the 
Confederacy was not equal to the demand. General 
Lee’s army might, otherwise, have been the initiator 
of chemical warfare, 

Since World War I gas has been used effectively by 
the Italians in Ethiopia and on a limited scale, probably 
as a test or experiment, by the Japanese. 

You quite logically ask, why has not gas been gener- 
ally used in World War II? Is it probable that it will 
be used by Germany? 
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To the first question a number of reasoned replies 
may be furnished. Gas is a surprise weapon. It was 
used prematurely in World War I, before adequate 
amounts had been provided and adequate tactics 
and technique developed. It failed as a decisive 
tactical weapon by reason of this premature disclosure. 
If the Germans had withheld its use until fully pre- 
pared and in a decisive battle, its use might have 
changed the course of the war. Tanks were likewise 
used prematurely and therefore failed in decisive sur- 
prise. All the military schools of the world have em- 
phasized the importance of avoiding these errors in the 
future. The Germans will above all guard against a 
premature disclosure of a chemical weapon. 

We, of course, do not know, but it is a reasonable 
possibility that gas may be reserved by Hitler for a 
decisive surprise when the time is most opportune 
or when other weapons and means have failed and he 
must take a last desperate chance. 

At any rate, our only sound and reasonable line of 
action is to be completely prepared against chemical 
attack in technique, equipment, training, and psycholog- 
ical attitude. We can do no less, both with respect 
to our armies and in regard to our civilian population. 
We want no more Pearl Harbors. 

To do less will tend to invite enemy use of gas against 
us; to do that much will tend to mitigate, if not to 
prevent, gas attacks. 

To accomplish this we depend in a large measure 
upon American chemists and upon a sound civilian 
defense organization and a thorough discipline and 
training in civilian defense. 

Dr. Sieur, surgeon-general and member of the 
Academy of Medicine, in a report to the International 
Red Cross in 1929, said: 

‘All writers who since the World War have discussed 
the subject of the employment of war chemicals are 
unanimous in declaring that chemical warfare will un- 
questionably play in future conflicts not only an im- 
portant role, but a decisive one. Here as everywhere 
else, it would be useless to become indignant with that 
which we cannot prevent, but it would be reprehensible 
not to do everything within our power to put ourselves 
on guard against this terrible menace. 

“But at the same time that chemical warfare is con- 
sidered as certain, the feeling is growing that it will 
no longer be made against enemy armies alone, but 
primarily against the unarmed population of cities and 
large industrial centers.” 


CONCLUSIONS OF THE INTERNATIONAL COMMITTEE OF 
EXPERTS FOR THE PROTECTION OF THE CIVIL POPULA- 
TION AGAINST CHEMICAL WARFARE 

“As a result of the deliberations of the Second Session 
of the International Commission of Experts, held at 
Rome in 1929, the specialists having examined in great 
detail the problem of the defense of the civil population 
against methods of war, new and still little under- 
stood, are agreed on the necessity of immediate and 
energetic action on the part of the Red Cross. The 
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Experts admit that although it may be possible to pro- 
tect the civil population against chemical attacks 
alone, yet it will unfortunately be impossible in the 
future to protect them against very serious losses 
resulting from chemical attack combined with aerial 
bombardment. 

“Tt will be possible, however, by taking steps during 
peace time, to protect them to some extent against 
the ravages of such attack. It is therefore the duty 
of the Red Cross to inform the public immediately, 
by means of active propaganda, of the dangers which 
menace them. Their activities should not stop here, 
but, faithful to their mission of help and charity which 
is their only reason of existence, they should investigate 
and apply themselves from the present moment to the 
technical methods most capable of assuring safety to 
the public against the dreadful dangers which they 
have escaped so far.’ 


CONCLUSIONS OF A COMMITTEE OF EXPERTS APPOINTED 
BY THE INTERNATIONAL RED CROSS, 1929 


“It cannot be repeated too often that, reprehensible 
as chemical warfare is, there is every reason to fear 
that in future wars it will play a predominant role and 
that it will be harder on the civilian population than on 
combatants. 

“Moreover, as the means of protection which we have 
at the present time do not enable us to thoroughly 
protect property, animals, or persons against an at- 
tack by war chemicals, the Red Cross associations will 
do a charitable work by making the people aware of 
the dangers inherent in this method of warfare and in 
familiarizing them with the employment of the pro- 
tective measures we now have at our disposal however 
imperfect these may be.”’ 


COMMENTS OF THE CHIEF OF CHEMICAL WARFARE 
SERVICE, MAJOR GENERAL WILLIAM PORTER 


“T have been asked many times when the Axis pro- 
poses to use war gases. There are increasing evidences 
that they are preparing to do so and I am certain that 
they will use them when they believe it is to their 
military advantage. When that day comes the armed 
forces of this Nation will be prepared to meet it. 
Chemicals. made here increase the stockpile in our 
hands ready for use the minute our superiority for 
waging gas warfare may be challenged. We are 
prepared, if the necessity for retaliation comes, to hand 
it back in any quantities that may be necessary any 
place in the world.’ 

‘Chemicals are now fighting the enemy through the 
medium of incendiary bombs. They have also gone 
to the front in screening smokes, with a sufficient home 
guard of smokes left behind to, if occasion requires, 
mask industrial and other important back-area in- 
stallations. As for war gases, the possibility of their 
being employed against our troops becomes more real 
with the turning of the tide and the Axis growing des- 
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perate. We know that Germany, particularly, has 
accumulated large stocks of gas and has trained her 
troops in gas warfare. There was no occasion for 
Germany to employ gas in her early blitzkrieging 
through Europe. To have done so would have im- 
peded her own troop movements. But when Germany 
has her back to the wall it may be a different story. 
Then we must be prepared to give as well as receive. 
And I can assure you that the United States Army is 
now ready to give its enemies gas warfare in heaping 
measure if th-y start it. The challenge is up to the 
Axis. We can meet it at any time, at any place, and 
under any circumstances. 

“Though Germany has refrained from gas thus far 
in the present war, Italy used it against the practically 
defenseless Ethiopians, and the Japanese have gassed 
the Chinese on hundreds of occasions. These acts, 
plus indications of impending German gas operations, 
caused President Roosevelt and Prime Minister 
Churchill some months ago to warn of ‘prompt and 
complete retribution’ if the Axis definitely wants that 
kind of a war.’’ 


PROBABILITY OF THE DISCOVERY OF A NEW AND MORE 
EFFECTIVE CHEMICAL AGENT 


The requisites of a chemical warfare agent are so 
exacting as to limit the field drastically. Laymen havea 
natural tendency to regard any potent, toxic, or irri- 
tating chemical as suitable for war use. The facts 
belie this, as evidenced by hydrocyanic acid (prussic 
acid). This is deadly in the laboratory but not usable 
on the battlefield, as proved by most extensive tests 
by the French Army in France. Under pressure of 
World War I, with inadequate laboratory and proving 
ground data, the French developed their so-called 
Vincennite shell and used tens of thousands against the 
enemy, with relatively little effect. They were even- 
tually forced to acknowledge the ineffectiveness of this 
method of using the deadly prussic acid against an 
enemy. I would caution, however, that new methods 
may make prussic acid an effective war gas. 

When you have noted the exacting minimum re- 
quirements of chemical warfare agents, it will be 
apparent why the field is very limited. 

Since the term “chemical agent’ includes those 
substances used in war to produce physiological action, 
screening smokes, or incendiary action, it is obvious 
that all chemical‘agents need not have the same prop- 
erties, but there are certain minimum requisites which 
all must have. 

A substance to be useful as a chemical agent must 
have all of the following properties: 


(1) It must be very toxic, or very irritant, or produce a large 
column of smoke, or have incendiary properties. 

(2) It must be stable in storage and reasonably stable in con- 
tact with moisture. 

(3) It must be capable of manufacture on a large scale. 

(4) Raw materials must be available in the Continental United 


States. 
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(5) It must be suitable for loading in munitions and should 
have little or no corrosion on ordinary steel. 

(6) The substance must be capable of vaporization, or other 
means of dissemination, in sufficient concentration under field 
conditions to produce the effect desired. 

(7) If the substance is a gas under ordinary conditions, it 
must be easily compressed to a liquid and easily vaporized when 
the pressure is released. 


In addition to the absolutely necessary properties, it 
is highly desirable that a chemical agent possess the 
following properties: 


(1) It should be capable of handling and transportation without 
special precautions. 

(2) When disseminated as a vapor, the molecular weight should 
be several times as great as air (which is approximately 29). 

(3) It should be cheap to manufacture. 

(4) It should be capable of quick production in existing com- 
mercial plants without extensive alteration in existing equipment. 


In the World War practically all the chemists of the 
world were concentrated for a period of three and a 
half years on discovering new and more powerful 
agents, and none were discovered in time to be used 
in the war. Several new agents, such as Lewisite, 
were discovered but not developed to the point of 
battlefield use. None of these newly discovered agents 
were of a revolutionary character, although lurid writings 
have tended to picture them as such. All those used 
in battle had been known at least a quarter of a century 
before the war. 

The mathematical odds are, therefore, greatly against 
the discovery of a new and effective chemical warfare 
agent. But it must be remembered that science has often 
won the race against much heavier odds. 

The British scientist J. B. S. Haldane gives reasons 
why the discovery of new and more powerful agents is 
improbable: 

‘“‘We have seen that a case can be made out for gas as 
a weapon on humanitarian grounds, based on the 
very small proportion of killed to casualties from gas 
in the War, and especially during its last year. Against 
this may be urged the probability that future research 
will produce other gases or smokes which, as weapons, 
will be as cruel as, or more cruel than the chlorine and 
phosgene used in 1915 and 1916. The answer to this is 
quite simple. First, as regards gases or vapors. Only 
a limited number of chemical substances are appre- 
ciably volatile, and of their vapors only a small pro- 
portion are poisonous. Now every chemical sub- 
stance has a definite molecular weight. Those with 
a small molecular weight, 7. e., whose molecules are 
relatively light, are on the whole the most volatile, 
i. €., most easily into vapor. Now the large majority 
of the possible volatile chemical substances of small 
molecular weight, and therefore relatively simple 
chemical composition, are already known. Mustard 
gas, for example, was discovered and its properties 
described in 1886. (Actually its properties had been 
investigated by Despretz in 1822, by Guthrie of Eng- 
land in 1860, and by Victor Meyer of Germany in 
1886, and by Clarke of the U.S.A. in 1912.) There 
are probably substances of high molecular weight 
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whose dense vapors are even more poisonous than 
mustard gas. But the charcoal of our respirators has 
the property of adsorbing heavy molecules of vapor 
quite independently of their chemical composition. 
It is, therefore, somewhat unlikely, though not, of 
course, impossible, that any very poisonous vapor 
will ever be found which will go through a mask im- 
permeable to mustard gas or chlorine. It is, to my 
mind, far more probable that skin irritants may be 
discovered which are even more unpleasant than 
mustard gas. 

“The question of smokes is more serious: It was 
the hope of the producers of irritant smokes that they 
would penetrate the gas masks in sufficient amounts to 
cause sneezing and force their victims to remove their 
masks, thus exposing themselves to greater concentra- 
tions of smoke and to poisonous vapors liberated 
along with the smoke. This was the German view 
when they introduced the ‘Blue Cross’ shell in July, 
1917. Fortunately, by that time our defense against 
gas and smoke was extremely good, and we had fore- 
seen the smoke menace and introduced, between April 
and June, 1917, a filter which effectively stopped it 
in the concentrations then met in the field. It is not, 
however, at all unlikely that concentrations of smoke 
will be produced in the future which will penetrate our 
present masks. If our anti-gas measures are suffi- 
ciently neglected the consequences may, of course, 
be very serious.”’ 

Professor Andre Mayor, the renowned professor of 
the College de France, expresses an opposite opinion, 
saying: 

“The recent war produced a new weapon which may 
lead to a revolution in warfare comparable to the 
revolution caused in the past by the use of explosives. 
This weapon is the chemical weapon. It is doubtful 
whether the peoples of the world are aware of the 
power of this weapon and the danger which threatens 
them .. . . chemical weapons are thus capable of pro- 
ducing the most various physiological effects. Their 
power, their efficiency, and their diversity are as 
unlimited as those of pharmacology or any branch of 
chemistry. The wide range of artificial coloring 
matters is an example of what can be done by chem- 
istry when it is desired to vary the compounds in order 
to obtain every possible shade, and thus to produce 
the most complex impressions on an organ of the 
senses.”’ 

Captain Victor Lefebure, British chemist and chemi- 
cal warfare officer of World War I, expresses his views: 

“There are thus diverging opinions upon this impor- 
tant question amongst these eminent scientists, but I 
think a sound line can be taken, first, on the basis of 
simple reasoning, and, secondly, on technical grounds. 
First, no well-informed scientist would dare to come 
forward and maintain that development of new 
chemical warfare types was impossible. The maximum 
claim is that it is a difficult matter, with few avenues 
of approach, not capable of yielding quick results. 

“Tf the issue were simply academic, and we were 
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merely toying with the fate of a minor theory, the risk 
could be taken. We could agree together that de- 
velopment of new chemical types was so unlikely that 
we could forget it. But what if an error means the 
fate of a generation of manhood, or even of mankind? 
Can we then take a chance? If modern medicine would 
not tolerate such a risk in the treatment of a single 
body and saving of a single life, how can modern 
civilization gamble with ten million?” 


THE USE OF CHEMICAL WARFARE AGENTS SINCE WORLD 
WAR I 


As stated by Major General Porter, Chief of the 
Chemical Warfare Service, the use of gas since World 
War I has been by the Italians against the absolutely 
unprotected Ethiopians and by the Japanese against 
the very inadequately protected Chinese. In both 
cases the persistent vesicant agent mustard gas was 
used. 

The Italians placed this gas (which is really a liquid) 
not only on the Ethiopians but also on terrain which 
they did not intend to occupy and which they desired 
to deny to the enemy, such as dominating terrain or 
observation posts. It was also used to protect their 
flanks and to drive the enemy out of strong defensive 
positions which would otherwise have been costly to 
take. The barefooted, partially naked Ethiopians 
(without gas masks) hadn’t a chance against this new 
contribution of science to the ancient art of war. We 
can but wonder how much of the success of the Italians 
against these warlike but poorly equipped, poorly 
trained native tribes may be attributed to mustard gas. 

The Japanese use of gas against the Chinese may be 
but a series of experiments to develop both the chemical 
weapon and the tactics and technique which will later 
be used not only against the Chinese but against us. 


POSSIBILITY OF MORE EFFECTIVE USE OF CHEMICAL 
AGENTS 


The following are the principal developments in 
weapons since World War I: 


(1) A great improvement of armored vehicles. 
(2) Increase in caliber and effectiveness of antitank rifles and 
antitank and tank guns. 
(3) Rocket guns. (Including the “‘Bazooka’’.) 
(4) Multiple-barreled rocket projector. 
(5) Multiple grenade projector. 
(6) High speed, long range, and large capacity bombers. 
(7) Medium bombers or fighters. 
(8) Dive bombers. 
(9) Method of sprinkling or spraying liquid chemical warfare 
agents from aircraft. 
(10) Low flying attack planes. 
(11) Extensive use of antitank mines. 
(12) The increase in size, use, and general effectiveness of high 
explosive bombs. 
(13) The magnesium thermit incendiary bomb and its ex- 
tensive use. 


Means of protection have been developed to counter 
the improved weapons, particulary the chemical ones. 

We have returned to the days of armor, not armor 
against cutting and thrusting weapons and _ visible 
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missiles, but armor against the invisible missiles of the 
chemist, the molecules of gas. Each soldier in the 
theater of operations is now equipped with a permeable 
gas-proof uniform to protect him against the chemist’s 
missiles in the form of molecules of mustard gas, 
Lewisite, or nitrogen mustard. The gas mask has been 
greatly improved as to comfort and the effective pro- 
tection afforded by the canister. 

One of the most important means of protection both 
against high explosive bombs, incendiaries, and gas 
is the organization of the Civilian Defense Corps. 

The improvement in weapons has had a great 
effect on chemical warfare. The airplane makes 
chemical attack a possibility at any place on the earth's 
surface. There is no absolute immunity to this risk. 
By the same weapon, the possible severity and scope 
of such an attack have been tremendously increased. 

The development of the rocket gun and the rocket 
projector affords new and more effective means of 
using gas on the battlefield. 

Great improvements have taken place in the manu- 
facture of war chemicals, thus making vast quantities 
available as compared with the relatively limited 
quantities of World War I. 


AGENTS DEVELOPED SINCE WORLD WAR I 


Lewisite was the only important new chemical war- 
fare agent initiated and developed during World War I. 
It was never used on the battlefield. Its effectiveness 
as a chemical warfare agent has yet to be demonstrated. 

A series of new war gases, known as the nitrogen 
mustards, have been developed and may be encountered 
in the event of gas warfare. These agents vary in 
physical properties, but their toxicological properties 
are essentially similar. 

All nitrogen mustards are vesicant agents, casualty 
producing agents, and persistent agents (although the 
most volatile persists less than two hours, even when 
contamination is heavy). 

They vary from liquids to low melting solids, are 
colorless to pale yellow, and have faint odors varying 
from fishy or soft soap-like to practically odorless. 
Their volatility varies from much less to five times 
greater than that of mustard gas. Most of them are 
fairly readily hydrolyzed by water, but the products 
of hydrolysis are toxic. 

The nitrogen mustards are detected by means of the 
kit, HS vapor detector, M4; by paint, liquid vesicant 
detector, M5; and by paper, liquid vesicant detector, 
M6. These detectors, however, do not distinguish the 
nitrogen mustards from other vesicant agents, such as 
mustard and Lewisite. 

They are not easily detected in the field by odor. 
Recognition depends upon detection of a vesicant agent 
by the use of chemical detectors, together with the fact 
that the agent detected is nearly odorless, or lacks the 
characteristic odor of one of the other known vesicants. 

The service mask gives adequate protection for the 
eyes and respiratory tract and for the facial skin covered 
by the facepiece. Satisfactory protection for the skin 
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against the vapors or small droplets of these agents is 
given by service protective clothing. Impermeable 
clothing gives essentially the same protection against 
the vapor and liquid forms of these agents as it does 
against mustard, except that rubber gloves and rubber- 
ized fabrics are penetrated with greater rapidity by the 


liquid forms of nitrogen mustards. 


iN 
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Nitrogen mustards act as vesicants or necrotizing 
irritants to all exposed tissues, including the skin, eyes, 
and respiratory tract. The vapors are only about one- 
fifth as damaging to the skin as equal concentrations 
of mustard vapor. The liquids blister the skin more 
rapidly, but somewhat less severely, than equal amounts 
of mustard. 


Chemical Warfare Agents 


REFERENCE AND TRAINING CHART 


PREPARED BY U. S. OFFICE OF CIVILIAN DEFENSE, JANUARY, 1943 





NAME 


Cws 
SYMBOL 





NICKNAME 


METHODS OF 
DISSEMINA- 
TION 


PERSISTENCY 


PROTEC- 


ig SELF-AID 


RELEASED | PHYSIOLOGICAL 
FORM EFFECT DECONTAMINATION 





VESICANTS 


MUSTARD 


HS 
Hot Stuff 


fA tie 


3-4 days in open 
1 week in woods, 
several weeks 
in winter 


d—f 


Garlic, horse- 
radish, mustard 


Use bleaching powder alone 
or mixed with water or earth, 
hypochlorite solution, 
green solution? steam, heat, 


Dark, oily 
liquid 
slowly 

evaporates 


1. Most injury from gas can 
be prevented if air raid instruc- 
tions and certain simple self-aid 
rules are followed. 


Fi 





LEWISITE 





M-1 
Mean One 


Tlic 


1 day in open, 
2-3 days in woods, 
1 week or more 
in winter 


te 


Water flush or use bleaching 


il 
Dark, oily powder alone or mixed with 


liquid 
slowly 


2. If exposed to gas: 
(a) Act promptly andquietly. 
calm. 


Hf} 





G 


P steam, heat or solvents 


(b) Remain indoors or go 








ETHYLDI- 
CHLORARSINE 


ED 
Enemy’s 
Delight 


die 


1-2 hours in open, 
2-6 hours 


5 
longer in winter 


Biting, 
stinging 


indoors, unless official duties 
require one to stay outside. 


3. If exposed to vesicants, 


i i speed in treatment is important. 


Clear, oily 
liqui 
evaporates at 
medium rate 


Cover with earth; 
use bleaching powder 





LUNG IRRITANTS 


| CHLORPICRIN 


PS 
Puking 
Stuf 


b--f if 3 


1 hour in open, 
4 hours in woods, 
longer in winter 


Ilypaper, anise 


Colorless, : t (a) If outside and contami- 

oily liquid Sodium sulphite solution || nated, remove outer clothing. 

evaporates i | _(b) Goindoors, remove under- 
tapidly | clothing and blot up liquid gas 


ausea, Vomiti : 
ee on skin with small piece of cloth. 





DIPHOSGENE 


DP 
Di-Phos 


ALY 


30 minutes 


« 


Acrid ensilage 


| Blot, do not rub. Put clothes 
in covered can. 

(c) If eyes are splashed with 
| liquid vesicant and not more 


Oily liquid 
evaporates 


rapidly Lung damage; 








| 


PHOSGENE 


cG 
Choky Gas 


TL 


1-10 minutes 


Musty hay, 
green corn 


than five minutes have elapsed, 
irrigate eyes with large amounts 
of 2% baking soda solution 
(tablespoonful to a quart of 
water) or with water if soda is 


causes coughing, 
lung pains, 
difficult breathing; 
highly toxic; 
eyes water; 


Colorless 
gas 


None needed 








CHLORINE 


CL 
Chlorine 


+ PS 
+c 


1-5 minutes 


Highly pungent 
like household 


| not immediately available. 

| (d) If materials are available 
apply household bleaching solu- 
tion (sodium hypochlorite) to 
d with mus- 


Yellow- 
green gas 





LACRIMATORS 


BROMBENZYL- 
CYANIDE 


CA 
Cry 
Always 


j 


Several days 
(weeks in winter) 


areas i 
; tard gas; hydrogen peroxide to 
lewisite contaminated areas. 
Bleach is also effective against 
lewisite. 

(e) Bathe freely with soap 


Dark, oily 
liquid 
slowly 

evaporates 


Cover with earth or wash 
with lime slurry 








CHLORACETO- 
PHENONE 


CN 
Cry Now 


While burning 


Apple blossoms 


and water, rinse frequently, © 
preferably under shower. 

(f) Wash nose and throat 
with baking soda solution. 


Gas 


None needed 
or smoke 








TEAR GAS 
SOLUTIONS 


CNS 
or CNB 


bts 


1 hour in open, 
2 hours in woods, 
longer in winter 


Apple blossoms 
+chloropicrin 


4. If exposed to lung irri- 
tants, liedown. Complete rest 
is essential. Prevent chilling. 

5. If exposed to vesicants 
and lung irritants, or if in 


Liquid, which 
evaporates 





IRRITANT SMOKES 


ADAMSITE 


DM 
Dirty 
Mixture 


@ decw 


10 minutes 


ee a 
Slight coal 


smoke or none 


doubt, regarding gas to which 
exposed, perform steps under 
3 and 4. 

6. Particles of white phos- 








DIPHENYL- 
CHLORARSINE 


DA 


Dopey 
Ache 


10 minutes 


None 


Phorus coming in contact with 
the skin should be kept covered 
with water or if available, 2%- 
5% copper sulphate (blue vit- 
tiol) solution may applied, 








DIPHENYL- 
CYANARSINE 


10 minutes 


Garlic, 
bitter almonds 


until medical attention is avail- 
able. 

7. Notify air raid warden 
who will summon necessary 
medical aid. 


None needed 


FO | FD | FD | HD | FD |$D | HD | HD | ID | HD 


Fine smoke 





INCENDIARIES 


MAGNESIUM 


While burning 





Control fires with water; 
control bombs 
with water 


4 
r) 
5 
a 


Molten and 


burning metal KE 








THERMIT 


While burning 


Burns out; cannot be 
smothered or extin- 
guished by water; control 
fires with water 


Y 
Metillery  Uagnesion 
Shell Incendiary 

i 166mm, j Bomb 


Chemical 
5 Cylinder 


Causes 


Molten iron severe burns 








THICKENED 
GASOLINE 


While burning 


Gasoline 


Mortar 
Shelt 
Burning 42mm, 


particles Control fires 


Livens 
Projector 
Sheli 





SCREENING SMOKES 


HC MIXTURE 


HC 
Harmless 
Cloud 


While burning 


1] Grenade wR Candle 
Grayish 
smoke 


Harmless 





TITANIUM 
TETRACHLORIDE 


FM 
Floating 
Mantel 


10 minutes 


Gas Artillery 
Mask j Shell 
4 15mm, 


__ *Gas mask and/or protective cloth- 
ing needed only by persons whose 


Harmless None needed 


nse 
white smoke 





SULPHUR 
TRIOXIDE 


| a Chlorsulphonic Acid 


FS 
Fuming 
Spray 


10 minutes 


duties require them to remain in 
ea 

tGreen solution prepared by dis- 
solving 1 Ib. bicarbonate of soda in 
1 gal. of commercial household bleach 


Causes prickling 
of skin; makes 
eyes water; 
causes coughing 


white smoke Hone seeded 











WHITE 
PHOSPHORUS + 





While burning 








Burning 
matches 





Smoke is harmless, Wes ara dace iam 

but burning par- 

ticles cause very 
severe burns 


Burns out; control 
by immersion in water; 
keep wet 


Burns in air 
to a dense 
white smoke 


tNote three-fold effect of white 
josphorus as a (1) screening agent, 
2) casualty agent, (3) incendiary. 
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Gas Defense Organizations 


The Chemist’s Opportunity for Community Leadership 


WILLIAM CABLER MOORE 


U. S. Industrial Chemicals, Inc., Stamford, Connecticut 


OR YEARS, the legal profession in every com- 

munity has been outstanding in assuming leader- 
ship in causes of vital import to the public welfare, and 
chemists in general have been participants therein 
solely through their ability or willingness, along with 
other ordinary citizens, to help foot the inevitable bills. 
In fact it has been only in comparatively recent years, 
that the so-called ‘‘man in the street’’ has been aware 
that a definite group of professional men trained in 
chemical matters exists in this country. 

As we all know, the American chemical industry 
has grown by leaps and bounds during the past 30 
years, and today everyone recognizes the part taken 
by chemists and chemical engineers in this develop- 
ment. But in general, we as individuals have not 
taken the part in leading and guiding civic projects 
which we are competent by training to do. 

It is true that early in the critical years before our 
forced entry into the present world war, some of the 
most competent chemically trained men in the country 
were called te Washington for their counsel and advice, 
but by and large it has been only within recent months 
that chemists have been called on for any professional 
civic service whatever in their own communities. 

Stamford has been one of the foremost cities in the 
country in calling for, and taking the professional 
advice of chemists in this war emergency. One ex- 
perience in this city may be of interest and of assistance 
to other communities. 

As early as May, 1941, the Western Connecticut 
Section of the American Chemical Society offered its 
collective services to the civil authorities, as consultants 
on the chemical aspects of defense. A series of cir- 
cumstances, however, resulted in a delay of nearly a 
year before definite action was taken. 

Eventually it happened that I was asked to draw up 
a plan of organization for the defense of Stamford 
against gas attacks. When this request was complied 
with, the plan was presented to the Stamford Council 
of Civilian Defense, where it was adopted in a resolu- 
tion passed April 10, 1942, by which a committee to 
handle this matter was authorized and known as the 
Chemical Advisory Committee, with full power to 
appoint a technical staff to carry out its work. 

This committee acts as a clearinghouse for activities 
which necessitate joint action by the gas defense group, 

1 Paper presented in the ‘‘“Symposium on Civilian Preparedness 


for Chemical Warfare’’ at the 105th meeting of the American 
Chemical Society in Detroit, Michigan, April 12-16, 1943. 


the air raid wardens, the town and city engineering 
departments and the health department. Through 
the latter, cooperation with the emergency and other 
medical services is assured. 

The business manager of our committee occupies a 
key position in the organization. Through him the 
original contacts were made with the industrial air raid 
wardens, police, and fire departments. It is also the 
business manager’s job to arrange for cooperation of 
our group with the various local utilities, and to ar- 
range speaking schedules for instructions to air raid 
wardens. 

From a functional standpoint, the technical staff is 
divided into three groups: instructional, identifica- 
tion, and decontamination. 

The first job tackled by the instructional group 
under the leadership of Dr. H. L. Fisher, was to give 
authoritative information on war gases to a selected 
list of air raid wardens. About 200 were in this first 
group, and since the original course of 10 hours’ in- 
struction was completed, a condensed version of the 
talks has been worked up so that the bare essentials of 
the course can now be given in a little over two hours. 

We therefore are able to adjust the length of this 
course to fit the mentality and needs of our students. 
As of January, 1943, the complete course, or variations 
thereof have been given to air raid wardens, industrial 
air raid wardens, Civil Air Patrol, Civilian Motor 
Corps, rescue squads, Red Cross disaster umits, Red 
Cross canteen units, and neighborhood groups in Stam- 
ford; also to industrial and regular air raid wardens, 
Red Cross workers, nurses, and physicians in Danbury. 
Talks on our work have also been given to the Stam- 
ford Medical Society, nurses, and internes in Bellevue 
Hospital, New York; the gas defense groups of Queens- 
boro, New York City; office workers of the American 
Cyanamid Co., New York; United States Army 
Tactical School of the Second Corps Area, at Hacketts- 
town, N. J. 

In our educational and training work we use ‘“‘sniff 
sets” containing active carbon impregnated with the 
more important war gases. Our very small amount 
of Lewisite was made for us by Dr. E. C. Sterling of the 
Edcan Laboratories, Norwalk. We were similarly 
presented with a 10-g. sample of old mustard gas by a 
chemist who wanted to get rid of it and did not know 
how to dispose of it safely. We also make use of a 
chart, modified from that issued by the OCD. 

We have found that moving pictures enable us to 
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tell a large part of our story in a very short time. 
These ‘‘movies’”” were made under the direction of Mr. 
T. F. Bradley and show chemical tests for various war 
gases, and decontamination squads actively at work. 
Since these pictures were made in Stamford they have 
a very direct appeal to our audiences. 

Instructional work in detection of war gases by odor 
has been started with the identification group. Our 
experience is that many people have noses so exceedingly 
sensitive that most of the war gases can be identified 
by olfactory methods; but there is always the danger 
that changing sensitivity, variations in sensitivity be- 
tween different observers, colds, etc., may vitiate odor 
tests. For these reasons, the research work on ob- 
jective chemical tests for war gases being done by Mr. 
Bradley's group is of extreme importance to us. 

Members of the identification group on receipt of 
an alert proceed to previously assigned stations. 
When we are fully equipped, the identification officer 
will go to any locality where a gas attack has been 
reported; and if his observation confirms the report, 
he will take charge of the situation until the decon- 
tamination squad has completed its work. 

Our Decontamination Division carries on its work 
through several very active committees. The In- 
dustrial Committee began its work almost as soon as 
our technical staff was organized. Through the co- 
operation of Mr. R. W. Marschall, Chief Industrial 
Air Raid Warden of Stamford, an inventory was made 
of all the supplies in various industrial plants which 
could be pooled for use in handling the effects of a 
gas attack. This survey disclosed a considerable 
number of all-purpose gas masks, some oil-proof 
clothing, and even a little chloride of lime. This 
committee is now at work listing chlorine supplies 
so that in case of a gas attack and with no chloride of 
lime available we could make our own from chlorine 
and lime. 

The Emergency Aid Committee, under the leader- 
ship of Dr. J. T. Cassaday, developed plans for handling 
gas casualties. As a result of the labors of several of 
our technical staff, a mobile cleansing unit was con- 
structed which can be rushed to the scene of a gas 
incident, where first aid will be available. This unit 
has been described in detail elsewhere.? While the 
City furnished the funds for its construction the labor 
was entirely voluntary. 

This committee has secured the cordial and close co- 
operation of the Red Cross and the medical profession 
in its work, and has made arrangements for the use of 
a small room in the Yale and Towne plant hospital 
for emergency operations on gas casualties before they 
are taken to a regular hospital. Plans are also under 
way to establish emergency centers in filling stations 
for serious gas casualties, and some arrangements are 
already in effect for this purpose. 

A beginning has been made in training a decon- 
tamination squad. It will be the duty of this group 


2 BRADLEY, CASSADAY, MOORE, AND Moore, “Protection of 
civilians from vesicant agents,’’ Chem. Eng. News, 21, 373(1943). 
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to handle the actual decontamination of areas which 
have been harrassed by gas, and we are now planning 
an intensive campaign for the training of industrial 
gas wardens and decontamination squads. Further- 
more, since we have not been able to secure chloride of 
lime for decontamination work, we are planning ex- 
periments to learn how slaked lime slurry can best be 
chlorinated in case we have a gas attack and have no 
supplies for decontamination at hand. We can prob- 
ably commandeer enough chlorine in an emergency to 
get this job started. 

The crying need of our group has always been equip- 
ment. We have an organization which we know will 
function, but it is impossible to do much without a 
minimum number of gas masks and suits of gas-proof 
clothing. Fortunately, the gas masks needed have 
been provided in ample supply by the federal govern- 
ment and we hope soon to get oil-proof clothing. 

In Stamford about 48,000 persons live in the city 
within an area of about eight square miles, and about 
17,000 live in the surrounding countryside (about 30 
square miles). Our study indicates that our com- 
munity needs a gas identification group of about 20 
persons, instead of three, as recommended by the OCD. 
Six of these assignments are taken care of by chemically 
trained members of the auxiliary police, leaving 14 to 
be filled by our group. There are five fire houses and 
the report center, to each of which two reconnaissance 
officers should be assigned, leaving only two out of the 
14 as substitutes. Each of these “gas hounds” will 
require at least one gas mask and a complete suit of 
protective clothing. In addition, the staff officers, the 
crew of the mobile unit and one decontamination squad 
will require 15 such outfits. Allowing for spare suits 
for the decontamination squad, we have calculated 
that our Gas Defense Group as now constituted re- 
quires as a minimum a full complement of 40 outfits 
for its protection. 

We also hope to equip our force with apparatus for 
making chemical tests for war gases, when and if appa- 
ratus and supplies are approved by federal authorities. 
Until we get such equipment, field training for our own 
organization will be almost impossible. 

As chemists, with a fair to excellent knowledge of the 
properties of those substances now used or likely to be 
used as warfare agents, we have never advocated the 
indiscriminate issuing of gas masks to all citizens. 
In an air raid in which gas is used the ordinary person 
will be safer in the house in an upper story with win- 
dows closed, than he would be on the street with a 
mask. If gas raids occur there will undoubtedly be 
some casualties, but we hope with our trained personnel 
to be able to take care of these. 

While our discussions of the matter are necessarily 
academic, and we hope will always be so, we have come 
to these conclusions regarding our own community: 

1. Although Stamford has some important indus- 
tries, its proximity to New York City on the west and 
other highly industrialized areas on the east, makes it 
improbable that it would of itself be a prime target. 





June, 1943 


2. The very proximity to the areas mentioned, how- 
ever, makes it quite likely that a bombing either of 
the New York or Bridgeport areas would result in 
‘splashes’ from that attack spilling over into our 
territory. 

3. Any bombing that we would get, will most likely 
be sporadic. 

4. Our organization hence would not have to func- 
tion under the extremely dangerous conditions likely 
to occur in England or even in New York. 

5. The main functions of our chemical defense 
organization are: (a) to carry on its activities in such 
a way that the public, through knowledge of the 
matter, will not be panicky if gas attacks occur; (bd) 
to let the public know that a competent group stands 
ready at all times. 

It is obvious that the progress already made in 
Stamford, toward the development of a highly trained 
gas defense group has required a great deal of hard 
work on the part of all concerned, and we who have 
been most active in this work have been delighted 
at the cooperation we have had from corporations, local 
civil authorities, other civilian defense groups, and 
individuals. In carrying on the work of our committee, 
we have to make contacts with other civilian defense 
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units and with many individuals. This working 
together with other public spirited citizens has opened 
the eyes of many of our chemists to the ways in which 
they can fit into movements for the public good. In 
this matter of gas defense, we chemists have taken 
the lead and it seems to me that there is opened up for 
us a great range of possible public service to our 
communities after this war is over. 

From a purely technical standpoint, there is an 
opportunity to advise and aid civic authorities on such 
subjects as smoke abatement, protection of public 
property against corrosion, safeguards over industries 
which present particular hazards, better sanitation, 
protection of water supplies, proper inspection of food, 
and technical advice to the health department. 

To a greater extent than in these specific ways, how- 
ever, the chemist can be of service to his fellow citizens, 
by applying critical methods of thinking to public prob- 
lems in general. A chemist cannot be a “‘yes-man’”’ 
and be true to his profession. This inevitably will 
lead to a clash of minds, but the contacts the chemist 
makes with the politically inclined will at least teach 
him something, and we believe that they will also 
teach the civil authorities something, and that the 
result will be for the good of the community as a whole. 


Organization of Gas Defense in 


the United States Citizens Defense Corps 


EUGENE W. SCOTT 


Office of Civilian Defense, Washington, D. C. 


RGANIZED civilian protection is divided into 

several phases—one the defense and protection of 
property, another the protection of persons. The pro- 
tection of persons and treatment of their injuries, sus- 
tained because of enemy action, can be subdivided into 
several categories, one of which is gas protection. In 
order to understand better how gas protection in this 
country has been organized as a part of civilian de- 
fense, it is first necessary to give a brief outline of or- 
ganization. 

The Office of Civilian Defense was established by 
executive order of the President on May 20, 1941,” for 
the purpose of providing, among other things, ‘‘for ef- 
fective coordination of Federal relations with State and 
local governments engaged in defense activities, and to 
provide for necessary cooperation with state and local 
governments in respect to measures for adequate pro- 


1 Paper presented in the “Symposium on Civilian Preparedness 
for Chemical Warfare’ at the 105th meeting of the American 
Chemical Society at Detroit, Michigan, April 12-16, 1943. 

2 Executive Order No. 8757 (May 20, 1941) establishing the 
Office of Civilian Defense in the Office of Emergency Management 
of the Executive Office of the President. 6 Fed. Reg. 2517. 


tection of civilian populations in emergency needs.” 
The scope and character of the duties of this agency 
have been subsequently amended and increased by sev- 
eral additional Executive Orders.’ 

The Office of Civilian Defense is an advisory Federal 
agency and, as such, maintains a staff only in Washing- 
ton and at nine regional offices. In order to give the 
local defense units a definite part in the war effort and to 
coordinate their efforts, the Director of the Office of 
Civilian Defense issued an order on April 29, 1942, 
making them units of a national Citizens Defense 
Corps. The training requirements necessary for 


3 Executive Order No. 8799 (June 20, 1941) amending Execu- 
tive Order No. 8757 of May 20, 1941, establishing the Office of 
Civilian Defense. 6 Fed. Reg. 3049. 

Executive Order No. 8822 (July 16, 1941) amending Executive 
Order No. 8757 of May 20, 1941, establishing the Office of Civilian 
Defense. 6 Fed. Reg. 3529. 

Executive Order No. 9134 (April 15, 1942) amending Executive 
Oider No. 8757 of May 20, 1941, establishing the Office of Civilian 
Defense. 7 Fed. Reg. 2887, 2962. 

Executive Order No. 9165 (May 19, 1942) providing for the 
protection of essential facilities from sabotage and other de- 
structive acts. 7 Fed. Reg. 3765. 

Executive Order No. 9088 (March 6, 1942) prescribing Regula- 


tions concerning Civilian Defense. 7 Fed. Reg. 1775. 
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membership have been defined by the Director‘ in 
accordance with authority delegated to him by execu- 
tive order. 

The protective services which have been established 
as a part of the Citizens Defense Corps are staff, air 
raid wardens, auxiliary police, auxiliary firemen, 
fire guards, demolition and clearance, road _ re- 
pair, rescue, decontamination, medical, nurses’ aides, 
drivers, messengers, emergency welfare, utility repair, 
and instructor. The staff unit of a local Citizens 
Defense Corps is made up of chiefs of the above services 
and, in addition, certain technical advisers and as- 
sistants such as a property officer, health officer, 
personnel officer and others, including a senior gas 
officer. Each chief of service and each technical 
adviser is appointed on the basis of his experience and 
administrative ability. Each technical officer has a 
staff of selected and specially trained men to aid him in 
the performance of his duties. 

It has been recommended that the senior gas officer 
appoint assistant gas officers to whom he should dele- 
gate certain specific duties. As an example, it is rec- 
ommended that one such officer be a laundry officer. 
His chief duty is to arrange for the decontamination of 
all clothing in event of a gas attack. This involves a 
survey of all laundry facilities within the community, 
followed by a detailed plan for the utilization of suit- 
able facilities for decontamination of clothing. Other 
phases of gas protection which may require the assign- 
ment of special assistants are gas training, public edu- 
cation, research and development, and industrial plant 
protection. In addition to this group of assistants, the 
senior gas officer must organize a field staff made up of 
trained individuals who are given the title of gas recon- 
naissance agents. These are the men on whom rests the 
actual burden of protection of the civilian population 
from gas. The senior gas officer is expected to make 
arrangements within his community with local labora- 
tories for the analysis of samples of material, particu- 
larly samples of food and water which, after a gas at- 
tack, may be contaminated by persistent agents. 

The first and basic unit of gas protection, however, is 
the air raid warden, who has been assigned certain 
specific duties in case gas is used. As soon as gas is 
suspected, the fact will be reported by the air raid 
warden to the control center of the local community. 
The warden will immediately sound the gas alarm and 
remain at the incident assisting the gas casualties and 
contaminated persons as much as possible. When the 
warden’s message is received by the control center, the 
senior gas officer will dispatch a gas reconnaissance 
agent from the zone warden post to the incident. The 
gas reconnaissance agent, on arrival at the incident, 
verifies or disavows the presence of gas. If gas is 
present, he identifies the agent used, determines the 
limits of the contaminated area and makes a complete 
report to the senior gas officer in the control center as 
soon as possible. Any casualties within the area are re- 


* Office of Civilian Defense Regulations No. 3 (effective Sep- 
tember 1, 1942). 7 Fed. Reg. 6900. 
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moved as rapidly as possible to the nearest gas cleansing 
station for removal of the vesicant and treatment of the 
injuries. Individuals within the area who may have 
been contaminated but are otherwise uninjured will 
have been directed by the air raid warden to the nearest 
home, for immediate removal of clothing and simple 
skin treatment and eye irrigation. If necessary, the 
gassed area is evacuated under the direction of the gas 
reconnaissance agent and the air raid warden. In 
case of an important incident involving large amounts of 
gas or an incident involving extensive damage because 
of high explosives and gas, the control center may dis- 
patch an incident officer to aid and supervise those 
units of the Citizens Defense Corps who may be dis- 
patched to the incident. 

It should be pointed out that although the air raid 
warden may sound the gas alarm, his report is regarded 
as only temporary until the incident has been investi- 
gated by the gas reconnaissance agent. In the first 
attacks, since we have no experience in modern bombing 
of cities, many reports of gas will be sent to the control 
center by wardens who, lacking chemical training, will 
be confused by odors of cordite fumes, refrigerants, and 
certain incendiaries. An important duty of the gas 
reconnaissance agent therefore will be the disavowal of 
reports made by wardens and the withdrawal of the gas 
warning. 

In addition to the duties assigned to the senior gas 
officer which he must carry out during a gas attack, he 
has duties dealing with organization and training for gas 
defense in the local community. He is responsible for 
training of the various units of the Citizens Defense 
Corps in gas defense and, in cooperation with the chief 
of emergency medical service, for educating the general 
public in self-aid. He is also responsible for assisting 
the chief of emergency medical service in planning for 
the establishment of gas cleansing stations, including 
conversion of facilities at hospitals. 

If gas is used, the senior gas officer, on recommenda- 
tion of his gas reconnaissance agents, should determine 
what areas must be decontaminated and make arrange- 
ments for their decontamination by the decontamina- 
tion units, which are a part of the emergency public 
works service. The gas reconnaissance agent within 
the gassed area must inspect that area after decon- 
tamination in order to determine its safety. 

In addition to the gas officers and the services men- 
tioned above, the other services of the Citizens De- 
fense Corps have certain specific duties in the case of 
gas attack. The auxiliary police service assists the 
regular police in policing of contaminated areas. The 
regular fire service is responsible for the decontamina- 
tion of their vehicles and equipment which have been 
used in a gassed area and is assisted by the auxiliary 
firemen. The medical service must plan for the estab- 
lishment of gas cleansing stations at hospitals and must 
provide personnel to operate these stations at the time 
of emergency. ‘This service is also responsible for the 
training of its personnel in first aid and gas cleansing 
and in the training of physicians in the diagnosis and 





JuNE, 1943 


treatment of chemical casualties. The local health 
department is responsible for the analysis of any sam- 
ples of water and food which may be suspected of con- 
tamination after the gas attack, and they will decon- 
taminate, destroy, or provide for the disposal of the 
contaminated supplies. The local public works de- 
partment assisted by the volunteer decontamination 
units of the Citizens Defense Corps is responsible for 
all decontamination of areas and equipment and during 
a gas attack is responsible for such emergency decon- 
tamination as may be necessary for a proper functioning 
of the defense organization. 

At the present time the chief task confronting all units 
of the Citizens Defense Corps is the organization of 
their groups and proper training of these groups in their 
duties. The training and the organization of each serv- 
ice is a responsibility of a specific unit within the Office 
of Civilian Defense. In the case of gas defense this 
group, known as the gas protection section, is a part of 
the medical division, since gas protection is a protection 
of persons rather than of property. In order to de- 
centralize and make more efficient this problem of or- 
ganization and training, regional offices of civilian de- 
fense have been established throughout the United 
States. These offices are coterminous with the Serv- 
ice Commands. The regional offices are organized in 
the same manner as the national office but on a less 
extensive basis. Within the regional offices, the gas 
defense program has been assigned to the medical divi- 
sion and is under the direction of the chief medical 


officer who delegates the gas protection work to his 
The 


regional gas officer or regional sanitary engineer. 
regional gas officer acts as the liaison between the na- 


tional office and the states. Each state organization 
has been asked to provide for gas defense by appointing 
a state gas consultant to be responsible for the training 
program and organization of the gas defense within his 
state. He acts as a consultant to the state defense 
council on technical subjects relating to gas protection 
and in addition aids in the appointment of senior gas 
officers by the commanders of the local defense coun- 
cils. After their appointment, senior gas officers may 
seek technical advice and aid from the state gas con- 
sultant for the purpose of prosecuting their duties more 
effectively. 

One other point in the gas defense plans must be 
mentioned. The national office works in close liaison 
with the Chemical Warfare Service, which aids and 
assists in the gas training. The Chemical Warfare 
Service furnishes technical advice on gas protection 
equipment, and all specialized equipment, such as masks 
and protective clothing, is procured and produced under 
their auspices. The Chemical Warfare Service has 
established a civilian protection branch whose chief 
duties are those which have to do with civilian defense. 
This branch has established for the Office of Civilian 
Defense six schools, scattered throughout the country, 
whose sole duty is to train members of the Citizens 
Defense Corps in technical subjects, one of which is gas 
defense. 
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These schools are located at Amherst College in 
Massachusetts; Loyola University in New Orleans, 
Louisiana; Purdue University in Lafayette, Indiana; 
Stanford University, Palo Alto, California; University 
of Washington, Seattle, Washington; and Occidental 
College, Los Angeles, California. Each school offers a 
course of five days on gas protection. The course is 
offered every four or five weeks with the attendance 
limited to forty persons whose qualifications must be 
satisfactory to the Office of Civilian Defense. The 
chief requirement insisted upon is previous chemical or 
scientific experience. In addition to the assistance re- 
ceived by the national office, further aid, particularly in 
training, is obtained by the regional offices from the 
Service Commands, each of which has a chemical war- 
fare service officer and training units for the instruc- 
tion of the army personnel within the Service Com- 
mand. 

It is the policy of the Office of Civilian Defense to 
recommend that all gas officers be individuals with 
training and experience in chemistry. While this is not 
possible in all sections of the country, it is possible in 
many. This policy has been adopted because of the 
feeling that the chemist has a greater interest in gas 
defense and requires much less training than the average 
civilian. That does not mean that because a man is a 
chemist, he will be a good gas officer. It simply means 
that if he is a chemist, he will have much less to learn 
in qualifying as a gas officer. Training is necessary for 
any person who is to become a member of the Citizens 
Defense Corps, because of the varied duties of the sev- 
eral units and because of the necessity for close coopera- 
tion between these units during emergency. We are 
trying to limit this training to essentials, because the 
type of men we desire will be busy in regular duties and 
in the war effort. In recognition of the difficulty in 
attending one of the War Department civilian pro- 
tection schools, we are establishing in many of the states 
similar training of a shorter duration. We are attempt- 
ing to take the school to the locality. Even here, how- 
ever, the training of a gas officer should consist of at 
least twenty hours of instruction and demonstration. 
Arrangements have been made with the Service Com- 
mands to carry out those demonstrations which cannot 
be handled by civilian instructors. All other instruc- 
tion is carried out by the regional staff of the Office 
of Civilian Defense or by individuals who have attended 
a gas specialist course at the War Department civilian 
protection schools and who have had experience in the 
teaching field. In large cities such as New York and 
other eastern cities, part of this training program is be- 
ing carried on at night and is spread over a period of 
several weeks. 

There is a place in the Citizens Defense Corps for 
every chemist as a gas defense officer, a position for 
which he has better qualifications than most other 
persons in the community. It is therefore important 
that every chemist who can, should seek a place in the 
Citizens Defense-Corps as a gas reconnaissance agent, 
assistant gas officer, or senior gas officer. 





The Use of Mobile Units in the First Aid and 
Medical Treatment of Gas Casualties 


J. T. CASSADAY 


American Cyanamid Company, Stamford, Connecticut 


GENERAL ORGANIZATION 


N ANOTHER paper in this Symposium? one type of 

gas defense organization is described which involves: 

A Senior Gas Officer, who directs instruction, identi- 
fication, first aid, and decontamination. 

A Director of First Aid, who during gas attacks works 
under the Senior Gas Officer. His duties are the direc- 
tion of the mobile units, drivers and first aiders who 
operate them, and the coordination of nurses and doc- 
tors who serve on the units. He is also general director 
or coordinator of the civilian and Red Cross motor 
corps with the medical services and emergency hospitals 
during a gas attack. 


FIRST AID TREATMENTS 


The American Red Cross First Aid Text-Book does 
not mention the first aid treatment required for war gas 
casualties. So far as we know, the only instruction 


1 Abstract of a paper presented at the ‘‘“Symposium on Civilian 
Preparedness for Chemical Warfare” conducted by the Division 
of Chemical Education at the Detroit meeting of the American 
Chemical Society, April 13, 1943. 

2 Moore, ‘‘Gas defense organizations,’ p. 271, this issue. 
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dealing with the war gases is contained in a printed 
leaflet supplementing the textbook. In discussions 
with many chemists trained in first aid, it became ap- 
parent that some changes and additions were necessary 
in training a first aid group for war gas casualty work. 
For instance, on page 5 of the textbook a statement 
is made that ‘“‘serious bleeding, stoppage of breathing, 
and poisoning take precedence in this order over every- 
thing else and demand immediate treatment.’’ It is 
recognized that in a gassed area bleeding must be 
stopped immediately. However, it would be foolish 
to attempt to give artificial respiration in an atmos- 
phere containing lethal concentrations of gas. Artifi- 
cial respiration could be given while both patient and 
operator wore gas masks, but this would not be recom- 
mended. If the patient should vomit into the gas mask 
while unconscious, he might be strangled. A mask 
would also obscure facial signs of returning conscious- 
ness in the patient. Serious bleeding must be controlled 
before anything else even in a gassed area. For this 
reason it is recommended that first aiders carry tourni- 
quets with them when they enter a gassed area and be- 
come skilled in their application while the operator 
wears protective 
clothing and 
heavy gloves. In 
some instances it 
may be necessary 
to apply a com- 
press in a con- 
taminated area, 
but it will prob- 
ably never be 
necessary to apply 
bandages in such 
an area In 
general, splinting 
should not be at- 
tempted in the 
presence of a poi- 
sonous gas. How- 
ever, there may 
be rare occasions 
in which both 
patient and opera- 
tor are protected 
from a nonvesi- 
cant gas in which 
the discretion of 
the operator may 
indicate splinting. 


Courtesy Chemical and Engineering News 
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only a doctor is qualified to give. Minor emer- 
gency operations may even be performed during 
disasters. A casualty station which operates aboard a 
mobile unit is almost ideal and such a station under 
the direction of chemists and equipped to cope with 
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gas casualties is the best mechanism we have been able 
to devise for our own protection up to the present time. 

Further information concerning the use of mobile 
units and their construction can be found in Chemical 
and Engineering News, 21, 373 (March 25, 1943). 


Methods of Extinguishing Incendiary Bombs 


MAJOR EARL A. SHRADER 


Chemical Warfare Service, United States Army 


HE SUBJECT “Extinguishing Incendiary Bombs’’ 
T:. my mind includes more than the mere considera- 
tion of those materials which may be applied to the 
burning chemical substances composing the bomb. 

There should be included in an academic discussion 
such as this (and I use the term academic advisedly 
because we will not be able during this short period to 
carry out any practical application of the subject) some 
consideration of the factors influencing the use of in- 
cendiaries. 

Let us develop the theme around the following: 

1. Technique, or the technical characteristics of in- 

cendiary munitions. 

2. Tactics, or the military employment of incendiar- 

ies. 

3. Controls, or the measures employed to avert the 

spread of fires from incendiaries. 


If we keep in mind that modern aerial warfare em- 
ploys both high explosive bombs and incendiary bombs 
either alone or in combination, and understand the 
potentialities of such employment, then the efficiency 
and limitations of control measures may be more fully 
appreciated. 

An indication of the increasing importance of the 
incendiary bomb as a military weapon is evident from 
the fact that in recent attacks, the weight of incendiary 
bombs carried has equaled and sometimes exceeded the 
weight of explosive bombs. 

The objective of civilian protection is to minimize 
the damage caused by aerial bombs, and as a general 
proposition it is possible to do more to limit the damage 
from incendiary bombs than to limit or reduce the dam- 
age from explosive bombs. 

The reason for this is that damage caused by high 
explosive bombs follows immediately and directly as a 
result of the impact and explosion of the bombs. But 
the damage from an incendiary bomb is not caused so 
much in every instance by the direct action of the bomb 

1 Paper presented at the “‘Symposium on Civilian Preparedness 
for Chemical Warfare” conducted by the Division of Chemical 


Education at the Detroit Meeting of the American Chemical 
Society, April 13, 1943. 


itself as by the fire started as a result of incendiary ac- 
tion. The problem of control of incendiaries, therefore, 
is to interrupt the cycle of incendiary action and pre- 
vent the enemy from accomplishing his incendiary mis- 
sion—the start of a conflagration. 


In the incendiary cycle, based on the principles of 
combustion, there must be a balance established be- 
tween the intensity of heat attained and the time dur- 
ing which that intensity is applied. 

Any incendiary munition can be judged by the rela- 
tionship established between these two factors. The 
design and composition of a particular incendiary muni- 
tion will depend upon the specific mission to be accom- 
plished. Thus a number of kinds of incendiaries have 
been developed. 

The idea that explosive bombs per se would start 
enough fires to cause widespread destruction from this 
source led to the belief that there was no necessity for a 
special “‘incendiary”’ munition. This reasoning was 
based on the fact that the detonation of an explosive 
bomb liberates an enormous amount of kinetic energy 
in the form of heat. Theoretically this would account 
for the intensity factor, but the heat thus generated is 
dissipated in the fraction of a second. Thus, the time 
factor being insignificant, there is not a proper balance 
established between the factors. 

Analysis of records from a great many aerial attacks 
reveals that not more than one per cent of the fires 
started were traceable to the explosive bomb. There- 
fore, in order to accomplish the purpose of incendiaries, 
we need another kind of munition with a better relation- 
ship between these factors. 


The one incendiary we have been able to get that 
gives the best balance between the necessary factors 
is the magnesium incendiary bomb. The burning tem- 
perature of the magnesium bomb is 3630°F. and the 
time of burning about 10 minutes. It is evident from 
these figures that such an intensity of heat applied over 
such a period of time would ignite any material that is 
combustible and near enough to be subjected to the 
application of heat from the burning bomb. 
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As you probably know, the thermit bomb produces 
the exceedingly high temperature of 4330°F. during the 
course of the chemical reaction which takes place in 
burning of this bomb. But keep in mind that the ac- 
tual burning is completed within one minute and the 
‘ residue of hot molten iron commences to cool off rather 
than continue to disseminate heat. Here we have 
plenty of heat, but the weakness of this bomb lies in the 
short application factor. 

On the other hand white phosphorus may burn for 
ten minutes or longer but the heat evolved will do no 
more than char the most superficial layers of any 
wooden surface with which it comes in contact. The 
relationship of the factors is off balance in the other 
way in the case of this munition. 

In the technique of incendiaries it seems that nothing 
can be more important than these two factors. A reali- 
zation of this important balance and its application will 
enable us to gage the efficiency and need for control of 
any incendiary munition with which we come in con- 
tact. 

Let us now turn our attention to the tactical use of 
incendiaries, which means the attempt of the military 
to apply the appropriate incendiary to the target. 
Essentially this involves the two problems of selecting 
an incendiary munition which is appropriate to the 
mission and the placing of the selected munition at and 
not merely near the target it is supposed to ignite. 

Fundamentally, we think of the explosive bomb being 
used against noncombustible targets only and the in- 
cendiary bomb being used against combustible targets. 
But we must also consider those situations in which the 
explosive bomb produces debris which is combustible 
and exposes structural elements which are combustible 
to subsequent action of incendiaries. 

Let us consider for a moment an industrial plant 
surrounded, as many are, by the homes of the workmen. 
The plant may be of such construction that incendiaries 
would have little or no effect, but high explosive would 
put the plant out of operation. On the other hand, the 
homes of the workmen would be proper targets for the 
incendiaries. An attack using a combination of the 
two munitions would in such a situation drive the work- 
men from their homes, shut down the plant, and result 
in a prolonged delay in production while rehabilitation 
and reconstruction took place. 

There are some plants, however, against which an in- 
cendiary bomb would prove particularly effective, due 
to presence of highly combustible materials used in the 
processes of manufacture. You as chemists need not be 
told of these industrial hazards, which exist under nor- 
mal conditions. How much more hazardous, then, they 
would become under an aerial attack must be apparent 
to you. 

The proper tactics involve the selection of the proper 
bomb to accomplish the purpose of the mission. The 
proper size bomb to cause physical destruction and the 
proper type of incendiary to fire the buildings or mate- 
rials will be governed by the particular target attacked. 

There is another point in regard to explosive muni- 
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tions which probably has not received as much con- 
sideration as it merits, and which has a decided effect 
on the handling of incendiaries. It must be kept in 
mind that high explosives are definitely antipersonnel 
in effect in addition to the effects on matériel. The use 
of high explosives in conjunction with incendiaries 
would definitely tend to discourage the activities of 
personnel in an attempt to attack and control the in- 
cendiaries. If individuals who are capably trained in 
the methods of handling incendiaries or the resultant 
fires can be forced to delay their control measures, then 
a greater opportunity will be afforded for the incen- 
diary to start a fire which in turn may become a con- 
flagration. 

Conflagration, being the ultimate objective of incen- 
diary attack, has influenced the design of incendiary 
munitions, and as control measures have proved suc- 
cessful in the past, just so have changes been made in 
design to counteract the controls. We will see how this 
has been done in the latest type of magnesium incendi- 
ary. 

It must be self evident that in order to start a fire, 
heat must be brought to the target. This may be ac- 
complished by use of either the intensive or scatter 
types of incendiaries, depending upon the particular 
target, and in the case of the intensive type a ‘‘satura- 
tion of the target” will tend to exceed the capacity for 
control by the fire watchers, wardens, and stirrup- 
pump squads and force the use of appliances and regu- 
lar fire departments. 

The intensive type of incendiary may be illustrated 
best by the magnesium or thermit bombs, which bring 
a high intensity of heat directly to one spot and concen- 
trate its energy on the material at that specific point. 
On the other hand, phosphorus and thickened gasoline 
or oil have good application for scattering over a large 
area containing readily ignitable material, thus employ- 
ing numerous small burning particles to start a large 
number of simultaneous fires, with the result that the 
entire target is set ablaze. ° 

Let us now turn our attention to some of these in- 
incendary munitions, particularly the newer types. 
While much attention has been paid to the 2.2-pound 
magnesium incendiary bomb and striking success has 
been obtained with this munition in the past, yet from 
a practical standpoint it has developed certain defects 
in attaining its objective. These defects are the ease 
of control, its lack 6f penetration power which is neces- 
sary to get down to the level where it can contact in- 
flammable material, and the wartime limitations on 
magnesium production. 

Certainly this bomb was a good incendiary to start 
with but any military weapon becomes obsolete once an 
effective defense against it has been found. It was soon 
found that properly organized and trained civilians 
provided with relatively simple equipment would take 
care of a shower of these small magnesium bombs spread 
over a wide area. 

How then could’the effectiveness of this incendiary be 
enhanced? The answer lies in the fact that if people 
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could be stopped from putting it out before a really 
good fire had been started, the magnesium bomb would 
still be an effective weapon. 

We have already referred to the antipersonnel effect of 
high explosives, and so the first modification of the mag- 
nesium bomb was made by including a small explosive 
charge in the body of some of the bombs. The propor- 
tion of bombs thus altered was small and the fire 
watcher could not distinguish one from another. The 
Germans evidently supposed that the person attacking 
the bomb would not take a chance because he would be 
afraid of all of them and thus would delay all incendiary 
control. But as the explosive charge was not very 
heavy, and the proportion of bombs containing ex- 
plosive was small, the British learned to go after the 
bomb aggressively, using a shield for protection, and the 
number of casualties was relatively small. These 
bombs never seriously deterred the extinguishing of the 
bombs or accompanying fires. 

Therefore a new bomb was designed which is the one 
which we must consider most seriously. This bomb is 
made of two distinct elements. One element is the 
magnesium incendiary. The other element is a high 
explosive unit attached to the magnesium unit. This 
bomb becomes in effect a dual purpose incendiary and 
antipersonnel bomb. The total weight of this bomb is 
five pounds, two of which are due to the magnesium 
unit and the other three due to the explosive unit. The 
quantity of high explosive in the latter unit is such 
that upon detonation a great number of sharp-edged 
and pointed fragments of the container are projected 
with great velocity, thus acting as a powerful anti- 
personnel weapon. 

On landing the magnesium unit ignites but the ex- 
plosive charge may go off at any time up to seven 
minutes, or possibly even longer, depending upon varia- 
tions in the delay-action feature. Furthermore, this 
explosive unit may become detached from the incen- 
diary unit in some manner, so that even though an in- 
dividual might see and recognize the magnesium unit, 
yet he would be unable to determine whether or not 
the explosive unit was present in the vicinity. This 
would be particularly true during blackout conditions 
and in a darkened room or space occupied by furniture, 
equipment, and so forth. 

The greater penetration power of this heavier bomb, 
influenced by its design, would cause the bomb to go 
down through ordinary attics into the bedrooms and 
living quarters of dwellings where much more inflam- 
mable material would be located. I am assuming that 
enough education in respect to housecleaning attics 
has been accomplished. 

We have here a new and important problem to face 
in controlling fires and the bombs themselves. Are we 
going to be able to rush in with little or no protection 
and expect to avoid physical injury or even death while 
extinguishing the incendiary unit? I hardly think so. 
Are we going to be able to say to ourselves that only a 
few of these bombs will have the explosive unit feature? 
Here again, the answer is no. In attempting any con- 
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trol measure whatsoever, it seems only reasonable to 
base any attempt to extinguish the fire and the incen- 
diary itself on the proposition that potentially all speci- 
mens of magnesium bombs are this type and must be 
handled accordingly. 

How then are we to solve this problem? The meas- 
ures employed will be directed toward, first, stopping 
the spread of fire, and second, the extinguishing of the 
bomb itself. 

If a bomb falls in an open area, or on a fire-resistant 
surface (one which is noncombustible or has been 
treated with a fire-retarding substance such as white- 
wash, alginate preparations, etc.) it may be left to 
burn itself out without further attention. Even in some 
rooms where the bomb has fallen at a point some dis- 
tance from inflammable material, say, in the middle of 
the room, there may be little danger from the incendiary 
portion during the interval required for the explosive 
unit to function. 

But if it is necessary to attempt control, then there 
are certain steps which should be taken. First of all 
the individual must have as full protection as possible 
against the explosive charge. A brick wall three or 
four inches thick would provide this full protection, but 
the interior walls of most of our homes and buildings 
are constructed of lath and plaster, sheetrock, or some 
similar lightly constructed material. These offer no 
protection against flying fragments and should not be 
relied upon to offer protection. 

However, in congested areas and where buildings and 
materials are of a highly inflammable nature, in order 
to prevent any rapid spread of fires it may become nec- 
essary to attack the bomb resolutely, employing the 
best available cover at hand. How may this be done to 
the best advantage in extinguishing the fire and incen- 
diary bomb and yet give some protection to the opera- 
tor? 

If a prone position is taken by the operator and no 
more of the body exposed than one hand, a great deal 
can be accomplished while waiting for the explosive 
unit to go off and then the usual manner of approaching 
the magnesium unit may be undertaken. 

While in this protected position the operator will be 
able to direct a jet of water around the door frame or in 
the general direction of the bomb, with the hope of pos- 
sibly striking the bomb, in addition to wetting down sur- 
rounding material. An alternate method, if no stirrup 
pump or hose is available, would be to throw water 
from small containers into the room for the same gen- 
eral purpose. There is always a possibility of lack of 
water pressure if depending on a hose, and so it is ad- 
visable to have several reserve receptacles filled with 
water for use with the stirrup pump or for dousing from 
a small container. 

The detonation of the explosive unit removes the last 
obstacle in handling the incendiary and any fire result- 
ing therefrom. The usual method of applying a jet of 
water against the magnesium unit as well as the fire 
still holds good. 

The efficiency of the jet of water was determined by 
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the Chemical Warfare Service in a series of tests per- 
formed on the ordinary magnesium incendiary. In 
these tests it was found that a magnesium bomb and its 
accompanying fire could be extinguished within 22 to 
40.5 seconds with a median value of 26 seconds, using 
quantities of water varying from four to 10 quarts with 
a median value of five quarts. Furthermore, the opera- 
tor could stand anywhere from eight to 12 feet from the 
bomb without apparent danger from the small particles 
of burning magnesium. The latter were driven away 
from him by the force of the jet. 

The question may properly be asked: “If we wait for 
the explosive to go off, why does not the floor start burn- 
ing and get beyond control?”’ You must keep in mind 
that ordinary boards, joists, etc., contain a certain 
amount of moisture which must be driven off, as well 
as certain volatile constituents necessary for surface 
burning. This will use some of the heat generated by 
the bomb, some of the heat will radiate to the at- 
mosphere, and some will be conducted to the lower 
layers of the wood. All these dissipations will occur 
before the main body of the wood has been raised to 
the kindling temperature. Thus, except for very thin 
layers of wood and other easily ignited material, the 
fire should not get too much headway. 

The use of commercial powders, special scoops, etc., 
are not recommended. The military does recommend 


the use of sand as a supplementary extinguishing agent . 


for use when water is not available, and more particu- 
larly, after the detonation of the explosive element. 

Another munition that must be considered is the large 
(50 kilo) combination explosive-incendiary aerial bomb. 
This bomb, resembling the usual 110-pound aerial 
bomb, contains a nose charge of 12 to 15 pounds of 
high explosive. As it explodes it ignites and scatters 
a shower of compact, individual incendiary units, 
usually magnesium cases filled with thermit. As 
many as 60 small triangular-shaped incendiary units 
and six larger units are placed in each bomb. 

Almost immediately after ejecting the incendiary 
units, the charge of high explosive in the nose explodes. 
Technically this is an example of combining both the 
scatter and intensive incendiary principles in one large 
bomb. A large number of incendiary units are scat- 
tered, each of which burns intensively, and each of 
which may be extinguished by the ordinary methods. 

These magnesium bombs are by no means the only 
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kind of incendiary with which we may have to contend. 
Other less expensive materials than magnesium may be 
more readily available to our enemies. 

Of interest also is the phosphorus-oil bomb consisting 
of a casing similar to the 110-pound high explosive 
bomb, but containing only the usual type fuse required 
to open the casing and scatter the sticky liquid contents. 
You can readily see how upon exposure to the air the 
phosphorus ignites spontaneously and sets fire to the 
oil. The use of heavy oil or solidified gasoline prolongs 
the burning time and concentrates the heat on any 
object to which it adheres. 

Water only is required to extinguish this incendiary 
material, but keep in mind that upon drying the phos- 
phorus will reignite. Furthermore, any contact of 
yellow phosphorus with the person will result in severe 
burns. Thus great care must be exercised in cleaning 
up residues a.ier the fire has been extinguished, and this 
may present great difficulty in removing the last traces 
from crevices and other inaccessible places. 

The last incendiary which I will discuss is the Japa- 
nese bomb weighing about 50 kilos and containing a con- 
siderable number of rectangular-shaped rubber-impreg- 
nated incendiary pellets and a quantity of thermit. 
These pellets are scattered widely and start a number 
of small fires which may be attacked immediately. 

We must keep in mind that the design of incendiary 
munitions is by no means standardized; as we devise 
means of control over those of which we have knowl- 
edge, and which are used today, our enemies are en- 
deavoring to counteract our efforts by using new or 
modified incendiaries. Thus our controls must be con- 
stantly revised to meet the new conditions. 

In conclusion, let me stress the fact that the preven- 
tion of fire is our first objective, fire on the scale of a 
conflagration which possibly would require more 
equipment than we could muster. Therefore, the con- 
trol of small fires and incendiaries by the individual or 
the stirrup-pump squad is the ideal to be sought for. 

Water still is the main counteragent but the‘use of 
sand is justifiable under special conditions. 

And finally, the presence of the explosive unit in the 
assembly of some of these magnesium bombs introduces 
a grave peril to uninstructed personnel. But this is by 
no means an insurmountable obstacle if each bomb is 
considered a potential antipersonnel bomb and is ap- 
proached and handled in the recommended manner. 


As one contribution toward conserving wartime manpower, Bureau of Mines 
chemists have assembled information on a method detecting the toxic oxides of nitrogen 
that imperil the health of persons working in contaminated atmospheres of industrial 


plants in which these gases are produced. 


The detection technique, known as the phenoldisulfonic acid method, first was used 
in the determination of nitrate in water analysis. It also is applicable, however, to the 
determination of oxides of nitrogen in air and in other gaseous mixtures. 














HE British Ministry of Food (10) has as the subtitle 

of its pamphlet ‘Food and Its Protection Against 
Poison Gas” the following: The Conservation of Food 
Is Second Only to the Preservation of Life. We can 
realize the importance of that statement. When war 
was declared on December 8, 1941, it was a common 
conception that we had an abundance of food and 
that at no time would it be necessary for us to worry 
about our supply. The manpower shortage and ration- 
ing have taught us that it is necessary for us to conserve 
this supply for the present emergency and to help 
our allies. 

One of the aims of chemical attack is to make food 
and similar stores unfit for civilian as well as military 
use. The best way to obviate the need for salvaging 
foods after gas attack is to protect them from contamina- 
tion before attack. 

In considering the protection of foods we must take 
into account the principal types of pollution: contamina- 
tion due to poison gas vapor or to liquid chemical 
agent. The measures to be used for the protection of 
food against chemical attack can be considered in two 
categories; namely, proper packaging and proper stor- 
age. 


PACKAGING 


We can classify the means of packaging food to 
protect it against war gases into three main groups: 
(1) those which provide complete protection against 
both poison gas vapor and liquid chemical agent, (2) 
those which provide good protection against poison gas 
vapor or liquid chemical agent, and (3) those which 
provide poor or no protection against chemical attack. 

Complete Protection. In the first group we can 
place all foods packaged in hermetically sealed con- 
tainers, such as canned or jarred goods. Foods pack- 
aged in tin, or in glass or glazed earthenware with 
impervious screw caps or similar closures, and sealed 
metal drums or seaied metal-lined cases, comprise most 
of this group. Sealed wooden barrels used for the 
transportation and storage of liquids also offer com- 
plete protection against vapor contamination and al- 
most complete protection against liquid agents, ex- 
cept in the case of prolonged contact with liquid poison 
gas. 

Good Protection. In a similar manner, metal cans 
with friction covers, or glass or glazed earthenware 
vessels sealed with paper caps such as the common milk 
bottle, or similar bottles with cork stoppers, provide 





1 Paper presented in the “Symposium on Civilian Prepared- 
ness for Chemical Warfare” at the 105th meeting of the American 
Chemical Society in Detroit, Michigan, April 12-16, 1943. 


Protection of Food Against Chemical Attack 


MORRIS B. JACOBS 
Department of Health, New York, New York 


282 


good protection against contamination from the liquid 
agent except when subjected to direct splashes. They 
also provide good protection against vapor contamina- 
tion except under long exposures. 

Foods packaged with several covers, such as layers 
of dense paper, wax paper, cardboard, greaseproof 
paper, cellophane, metal foil, and other materials, pro- 
vide good protection against poison gas vapor and liquid 
for several hours or days if the seams, edges, and corners 
are well made and intact. These are the most vulner- 
able parts of the package to the penetration of chemical 
agents. 

Laminated bags consisting of a number of plies 
have been developed which offer excellent protection 
against chemical attack. These packages do not have 
the physical strength of those in the first group, how- 
ever. 

Multilayer packages such as can be obtained by 
using asphalts or microcrystalline waxes for laminating 
purposes are valuable (11). Cellophane to cellophane 
(12), and cellophane to glassine to strong dense paper 
are examples. Other types of packages produced with 
papier-maché, oilskin, latex, etc., can give fairly good 
protection if used in more than one layer. It is sur- 
prising to note the protection against gas given by the 
ordinary cereal package (9). 

Litile or no Protection. Ordinary wooden or card- 
board boxes provide some protection against poison 
gas vapor, particularly if they are lacquered, but offer 
practically no protection against the liquid. Paper con- 
tainers similar to ordinary paper bags, or burlap, can- 
vas or Hessian sacks offer no protection against either 
vapor or liquid contamination unless specially treated. 

Protective Materials. The various types of protec- 
tive material that may be used have been mentioned in 
the previous sections and they may be classified as 
metal containers, glass containers, and materials which 
can be used to make multilayer packages. Among 
these we can mention rubber latex and synthetic rub- 
bers, metal foil, cellophane and other cellulose deriva- 
tives, synthetic plastics, and resins. Among other 
substances suggested are polyvinyl alcohol, and gelatin- 
glycerol treated with formaldehyde or chromates to 
make it water-insoluble. Under present circumstances, 
metal foils, rubber latex, and synthetic rubbers are 
not available in substantial quantities for civilian use. 
The other materials may be used, but are limited in 
quantity because of the war emergency. It is well to 
note that discretion must be exercised in the choice of 
packaging materials. Thus, cellulose wrappings made 
from cellulose acetate, cellulose nitrates, and cellulose 
are satisfactory, while those based on benzyl cellulose 
are less satisfactory. In a similar manner, not all syn- 
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thetic resins or plastics have equal value as protective 
materials. Some plasticizers, used in the manu- 
facture of synthetics, actually can transport liquid or 
vapor poison gas through the packaging material. 
Some of these materials, and a method for testing the 
impermeability of the material to a chemical agent are 
discussed by Katz (7). 


STORAGE 


Protective Measures for Large Quantities of Food. 
The degree of protection of food from liquid gas, and 
to a lesser extent from its vapor, is of great importance 
for large quantities of foodstuffs. This will depend 
generally on the size of the food stack, on the type of 
container, if any, and on the system of stacking. 
Closely stacked piles such as those often found in 
warehouses are not readily penetrated, even by vapors, 
and what vapor does penetrate the pile is largely ab- 
sorbed on the outside of the individual packages, 

The protective measures to be used for safeguarding 
bulk stores of food in warehouses, docks, and other 
places where such large stores are held may be sum- 
marized as follows (5): 

1. Foods in containers or wrappings which afford 
little or no protection against chemical agents should 
not be stored on the top floors, or in the basements of 
buildings, because such locations are most vulnerable 
to chemical attack. 

2. Covers made of canvas impregnated with drying 


oils, plastics, synthetic resins, rubber, asphalt, and 
similar materials, water-repellent duck covers, im- 
pervious tarpaulins, rubber sheeting, if available, and 
oilskins, are probably the best means for covering 


stocks of foodstuffs in packages. They give good 
protection against oily splashes of chemical agents and 
the packages protect the foods against vapor contamina- 
tion. 

3. These sheetings and coverings should cover the 
piles as closely as possible but, when inconvenient, they 
should be hung as screens by means of hooks or frames. 
Where free circulation of air is necessary for proper 
storage, as in the case of fresh fruit in crates, these 
covers should be arranged so that they can be readily 
pulled into position as soon as an air raid warning is 
given. TAL 

4. Ordinary sacking can also be used to provide 
covering. Such materials, as mentioned above, pro- 
vide little protection against the vapor of poison gas 
but they do reduce the contamination resulting from 
splashes. 

5. Foods stored in freezers or refrigerated rooms 
need no additional protection, provided the doors are 
reasonably air tight and precautions have been taken 
against blowing or drawing the poison gas into the 
refrigerator by the ventilating system. 

6. Food should be stored in close stacks and should 
not be permitted to lie scattered about the warehouse 
floors. Such stacking affords good protection for the 
interior of the pile. It is advisable not to break into 
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these bulk stocks unless they are to be subdivided for 
sale (2). 

7. Avoid using food for display purposes and 
keep foods in containers so that they will not be ex- 
posed. This protects them from other forms of at- 
tack also. 

Similar precautions should be observed on a smaller 
scale, of course, by retail food stores, institutions, 
restaurant commissaries, and hotels where relatively 
large stores of food are held. 

Protective Measures for Food in the Home. To pro- 
tect food at home, place as many-as possible of the 
bottles, jars, canned goods, or other sealed containers 
inside closets with wooden doors or in strong wooden 
boxes with tight-fitting covers. Store most of your 
food in tin cans with close fitting covers or in bottles 
with plastic screw caps. This is especially important 
for foods such as sugar, flour, or cereals, which are 
generally bought in easily penetrable coverings. 
The domestic refrigerator or ice box is sufficiently air 
tight to provide a gasproof storage place. 


SALVAGE OF FOODS 


Effect of War Gases on Foods (5). In order to 
evaluate the possibility of salvaging food stocks, we 
must understand how they are damaged. The extent 
of damage to foods contaminated by chemical war- 
fare agents will depend on the chemical and physical 
properties of the war gases and on the food itself, as 
well as on the degree of exposure of the food to the war 
gas. Foods and war gases may be put into two main 
groups by a consideration of these properties. All 
foods contaminated by arsenicals and white phos- 
phorus, and fatty foods contaminated by nonarsenical 
vesicants like mustard gas and the nitrogen mustards, 
form the poisonous group. Foods contaminated with 
other agents may be considered relatively nonpoison- 
ous, especially after adequate salvaging operations. 

Foods absorb chemical agents by solution in the 
water or fat they contain or adsorb these agents on 
their solid surfaces. Either process may be followed 
by a reaction which involves some degree of decomposi- 
tion of the chemical agent. The principal chemical 
reaction is hydrolysis. After hydrolysis, in some in- 
stances the chemical agent will lose its toxic properties, 
as is the case with mustard gas or phosgene, in which 
cases innocuous substances are formed. In other 
instances, the hydrolytic products are still toxic. 
Such reactions may be illustrated by Lewisite which 
yields a vesicant arsenical solid on hydrolysis. 

The chemical reagent may react with the foodstuff 
itself. Thus, mustard gas reacts with the protein of 
meat to form a film which prevents further penetration 
of the food by the chemical agent. 

Since most war gases are organic substances they are 
more soluble in fatty foods than in foods containing 
large amounts of water. Solution of chemical agents 
in fats is seldom followed by any chemical reaction 
comparable to tkat of hydrolysis or coagulation. 
Consequently, once the surface of a fatty food is 
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seriously contaminated, the food is generally rendered 
unfit for human consumption. 

Guide for Salvage of Foods. The following simple 
rules should act as a guide in the salvaging of foods: 

1. Foods seriously contaminated with mustard gas 
or nitrogen mustards, particularly fatty foods, should 
be discarded. 

2. All arsenical war gases are systemic poisons; 
therefore, foods contaminated with them should be 
destroyed. 

3. Foods seriously contaminated with liquid non- 
persistent agents or less toxic agents should also be dis- 
carded, except in a serious emergency when salvage 
should be attempted. 

4. Foods contaminated only slightly with non- 
persistent agents or less toxic agents may be salvaged. 

5. Foods contaminated with solid white phos- 
phorus are poisonous and must be discarded. 

6. Foods which are discarded for use for human 
beings may possibly be reclaimed for industrial pur- 
poses. 

7. If one is doubtful about the wholesomeness of 
any food, discard or destroy it. 

The methods which can be employed for the salvage 
of foods are: 

(a) Aeration and ventilation. 

(6) Cutting away contaminated portions. 

(c) Heating and cooking. 

(d) Washing. 

(e) Decontamination of containers. 

(f) Other methods. 

Aeration and Ventilation. Most foods can be sal- 
vaged by airing, after removing as much as possible 
of the heavily contaminated portions. All aeration 
should take place under conditions which permit a 
slight draft across as much surface as possible of the 
polluted food or package. Increase in temperature 
will hasten evaporation of the chemical agent and will 
assist in the aeration process but heating is not always 
permissible. 

Cutting Away Polluted Portions. The general rule 
to follow is to cut away sufficient depth of the foodstuff 
to be certain that no poison gas has penetrated beyond. 
In most instances one-half to one inch will suffice, par- 
ticularly if salvage operations have started soon efter 
exposure. The bleaching action of phosgene is a guide 
for the depth to which to cut foods contaminated by 
that agent. Mustard gas drops on meat will penetrate 
the flesh about 4 to 5 mm. in 48 hours (13). Thus 
carcass meat contaminated with this agent can be 
used if the polluted parts are cut away and the rest is 
thoroughly cooked. Animals may be used for food 
even after exposure to vesicants and lung irritant 
gases, if they are slaughtered in an approved manner, 
and the viscera, the hide, and the fatty tissue im- 
mediately beneath the skin are discarded. 

Heating and Cooking. As previously explained, some 
war gases are readily volatile and others hydrolyze 
on boiling with water to relatively harmless substances. 
Hence some contaminated foods can be salvaged by 
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heating and cooking—in particular, foods contaminated 
with non-persistent agents like phosgene. For in- 
stance, fresh vegetables and fruits and dried fruits may 
be salvaged by cooking after contamination with phos- 
gene vapor. However, it is to be noted that food 
seriously contaminated with chloropicrin cannot be 
salvaged by cooking, since this chemical agent is not 
hydrolyzed by water. 

Washing. Reclamation of foods by washing is a 
limited process, because once the liquid agent has 
penetrated the food, washing has little effect on its 
removal. Vegetables which have been exposed to vapor 
contamination may at times be salvaged by washing. 
Fish contaminated by vapor, or exposed to spray 
while packed in ice, may be reclaimed by washing with 
a hypochlorite solution. 

Decontamination of Containers. Foods packed in 
hermetically sealed containers will be protected from 
poison gas, but the container itself will be polluted if 
exposed. It must therefore be decontaminated. If 
polluted only by vapor, washing and aeration may be 
sufficient. If exposed to liquid agent, the container 
must be decontaminated by use of hypochlorite solu- 
tion or by use of hot water, neutralizing substances like 
sodium carbonate, and a wetting agent such as Aerosols 
OT and OS (J), or sulfonated corn oil. Labels must 
be removed and the package relabeled. 

Other Methods. In cases in which toxic smokes settle 
on packaged articles, it should be possible to remove 
the dust by means of an efficient vacuum cleaner. 
It may be possible to reclaim the interior of bags con- 
taining powdered foods by immersing the bag in water 
to form a paste of the outer layers of the food against 
the bag, and then removing the inner contents by suc- 
tion. Foods which are wholesome but whose palat- 
ability has been seriously affected may be salvaged by 
diluting them with similar uncontaminated foods. 

Decontamination of Water. It would be difficult to 
pollute the water supply of a large city to an extent 
sufficient to render the water harmful, because of the 
enormous amounts of chemical agent needed for this 
purpose. Furthermore, many of the chemical agents 
are relatively insoluble in water. Others react and 
hydrolyze to form innocuous compounds. Still others 
react with some of the compounds in the water to form 
harmless substances. However, the portion of the 
reservoir subjected to attack must be considered in 
evaluating the effect on pollution of the water supply. 

In any event, if the water purification system of the 
city is operating, the processes of coagulation, sedimen- 
tation, filtration, chlorination, etc., with the accom- 
panying addition of alum and lime, ferrous sulfate and 
lime, activated carbon, ammonia, chlorinated lime, 
liquid chlorine, or even ozone, would tend to remove 
the war gases as a routine part of the potable water 
treatment process. 

Water supplies obtained from wells, cisterns, etc., 
and used as a private water supply, must be analyzed 
by the proper authorities if any suspicion of gas pollu- 
tion exists. 
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SAMPLING 


Purpose. The fundamental purpose of sampling, 
and for that matter, of field testing, is to enable the 
gas reconnaissance agent: (1) to detect the presence of 
gas, (2) to recognize its physiological classification, 
(3) to determine the concentration and potential 
hazard, (4) to ascertain the extent of the polluted area, 
(5) to aid in selecting the best means of decontamina- 
tion, and (6) following decontamination to determine 
its completeness prior to reoccupancy. The sampler 
should be adequately clothed and equipped. 

The Chemical Warfare Service requests that samples 
be sent to their laboratories in the appropriate region. 
All pertinent information concerning any sample 
should be sent to the laboratory to which the sample is 
being shipped. 

Type of Sample. It will generally be necessary to 
take only four types of samples; namely, samples of 
air, water, food, and materials. In contradistinction 
to ordinary sampling, it is unnecessary to obtain a so- 
called representative sample. Obtain the most pol- 
luted sample possible. 

Air Sampling. Air samples may be taken by using 
a gas collector or by passing the air through an ab- 
sorbent or adsorbent, or through an absorbing solution 
(4). 

Sampling Water, Food, and Materials. To sample 
water, food, and materials, wide mouth screw cap 
bottles should be used. The exact details are de- 
scribed by Jacobs (5). It will generally be best to 
obtain samples from the surface of foodstuffs and from 
the inner portions, in order to obtain some knowledge 
of the extent to which a chemical agent has penetrated. 
One of the difficulties is to sample the food in such a 
way that clean food is not contaminated by the samp- 
ling equipment previously used for polluted food. It 
is necessary in the case of food sampling to obtain 
samples of the unpolluted food as well as of the polluted 
portion. 


CHEMICAL SABOTAGE OF WATER, MILK, AND FOOD (6) 


Necessity for Being Alert. It is necessary for us to 
guard ourselves not only against chemical attack from 
without but also from chemical attack from within our 
ranks. Chemical sabotage is the term applied to the 
addition of chemical poisons to water or foods, such 
as milk, which are distributed in bulk quantities from 
central points. Chemical and bacteriological analysis 
will safeguard us against such forms of attack. 

As an example of the possibilities of such attack one 
can cite the case of one worker, a typhoid carrier, who 
caused 5000 cases and 500 deaths in Montreal in 1927 
through contamination of a supply of pasteurized milk. 

Organoleptic Analysis. An organoleptic analysis, 
(3) or a sensory analysis, is one which is made by use 
of our senses, principally sight, odor, and taste. Using 
milk as an example, we can illustrate the subjective 
method. All personnel handling milk must be cau- 
tioned to be on the alert for any deviation from the 
normal in the appearance, odor, or taste of the milk 
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at any stage of its handling. If an off-color, off-odor, 
or off-taste is noted, a report to a superior should be 
made immediately. Personnel must be taught to 
smell and taste cautiously. In order to make a smell 
test, sniff once or twice gently and try to recall 
the odor. In order to make a taste test, roll a small 
amount of milk over the tongue; do not swallow, but 
discard. Gross contamination of milk will often be 
readily detected by these simple tests. 

The value of organoleptic analysis as an aid in the 
detection of poisons should neither be underestimated 
nor overestimated. Thus, for instance, poisonous sub- 
stances added to milk may be sufficiently acid to curdle 
milk and so will readily be detected. Or another poison 
may have sufficient coloring power to give the milk an 
off-color. These are examples of information to be 
obtained by noting the appearance of the milk. So 
too, if a poison having a characteristic odor such as a 
phenol, hydrogen cyanide, or nitrobenzene, is added, 
attention to the off-odor will assist in the detection. 
Any bitter taste or other off-taste in milk should be 
noticed. Among the poisons which have a very bitter 
taste are picrotoxin, colchicin, picric acid, veronal, 
strychnine, brucine, and similar substances, especially 
alkaloids. 

General Tests on Water. Our principal means of 
detecting the addition of poisons to water is based 
upon the change in the reactions of the water. The 
tests commonly used are the organoleptic tests men- 
tioned previously and chemical determinations of the 
pH, alkalinity, chloride content, chlorine demand, and 
oxygen consumption. These general tests will almost 
invariably enable us to detect harmful additions of 
poisonous materials. 

Special Tests. The special tests to be performed in 
the field (6) (8), which will enable us to detect the 
common poisons may be tabulated as follows: 


INORGANIC POISONS 


Substance Test 


AgNOs test paper 
Picric acid test paper 
Tumeric test paper 
Starch-iodide test 


White or yellow phosphorus 

Cyanides 

Borates 

Oxidizing agents—chlorine, hypo- 
chlorites, nitrites, peroxides, 
iodates, etc. 

Nitrates 

Fluorides 

Heavy metals 

Arsenic and antimony 

Selenium and tellurium 


Diphenylamine test 

Sodium zirconium alizarinate paper 

Sulfide test 

Hoffman test 

Reduction with sulfur dioxide and 
hydroxylamine hydrochloride 


ORGANIC POISONS 
Substance Test 


Phenol, cresol, tricresyl Gibb’s reagent—2,6-dibromoquinonechloroimide 


phosphate 
Formaldehyde 
Oxalic acid 


Rosaniline-sulfite test 

Ethyl ether extraction and calcium oxalate pre 
cipitation 

It would be most unlikely that these substances 
could be used in large quantities because of 
price and unavailability. Note organoleptic 
methods. Extraction methods 

Ditto above. Saponins might impart a persistent 
foam 


Alkaloidal and nonalka- 
loidal poisons 


Glucosides and saponins 


These field tests should be verified in the laboratory. 
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The Preparation of War Gas Identification Sets 


F. C. HICKEY, O.P. and J. J. HANLEY, Providence College, Providence, Rhode Island 


i BS THE absence of masking odors, the sense of smell 

is the most rapid and convenient means of identify- 
ing war gases. At the present time the identification 
sets prepared by the Chemical Warfare Service are not 
available for the instruction of Civilian Defense per- 
sonnel. The authors, therefore, undertook to synthe- 
size the standard war gases and to prepare identifica- 
tion sets for the use of the Civilian Defense instructors 
of their state. 

The “‘sniff set” is patterned on that developed by the 
Chemical Warfare Service and contains six bottles. 
The chlorine bottle is filled with high-test chloride of 
lime. Solid triphosgene or hexachloromethyl carbon- 
ate is used for phosgene. In the tear gas bottle, pure 


crystals of chloracetophenone are used. Chlorpicrin, 
mustard, and Lewisite, being liquids, are adsorbed in 
activated charcoal to avoid the danger of spilling and of 
overconcentration. 

Methods for the preparation of each of these agents 
were taken from the literature and adapted to the 
facilities of the ordinary college laboratory with avail- 
ability of reagents, size of yield, and safety being the 
chief considerations. Each reaction has been run 
several times without accident or injury to anyone con- 
cerned. In certain cases, special apparatus within the 
ability of the ordinary glassblower was developed. 

The methods have already been described in Tuts 
Journa_, 19, 360 (1942). 


105th Meeting of the American Chemical Society 


DIVISION OF CHEMICAL EDUCATION 
Detroit, Michigan, April 12-16, 1943 


MINUTES OF THE EXECUTIVE COMMITTEE 


THE Executive Committee of the Division of Chemical Edu- 
cation met in the Crystal Room of the Masonic Temple, Detroit, 
Michigan at 6:10 p.m. (at the close of the ‘““SSymposium on Civil- 
ian Preparedness for Chemical Warfare’) on Tuesday, April 13. 


Those present were A. J. Currier, Chairman, L. L. Quill, Vice- 
Chairman, C. E. White, Treasurer, P. H. Fall, Secretary. Also 
present for a portion of the meeting were N. W. Rakestraw and 
M. V. McGill. 


The treasurer reported that the payments of annual dues, for 
which notices were sent out in early March, were quite disappoint- 
ing since such a small percentage had responded. Methods to be 
employed for increasing the response were discussed but no 
definite action was taken by the committee. 


Mr. M. V. McGill asked if some funds of the Division could be 
used to help defray some of the expenses of the Committee of 
which Dr. B. S. Hopkins and he are members. This committee 
represents the American Chemical Society and is one of five dif- 
ferent groups comprising a national cooperative committee on 
science teaching. Mr. McGill explained that this committee of 
two (Dr. Hopkins and Mr. McGill) is really carrying on work 
which would logically have fallen to the High School Committee 
to do. This latter committee is one sponsored and authorized 
by the Division of Chemical Education and Mr. McGill has been 


its chairman since its inception some yearsago. But the Hopkins- 
McGill Committee is sponsored and authorized, not by the 
Division of Chemical Education, but by the American Chemical 
Society. For this reason, and not from any lack of appreciation 
of their work, the Executive Committee of the Division of Chemi- 
cal Education felt that funds needed for the work of the Hopkins- 
McGill Committee should come from the Society’s funds and 
not from those of the Division of Chemical Education. 

The secretary reported the circumstances which forced him to 
make a decision to have the host committee contract for a 16-mm. 
moving picture projector to show the films scheduled as part of 
the “Symposium on Civilian Preparedness for Chemical War- 
fare.” The cost for this, involving use of the projector for a 
scheduled fifty minutes, was given as $27.50. Because of the 
very large attendance at the showing of these films (about 800) it 
was felt that this bill should be paid by the Society, even though 
normally this is contrary to their regulations. It seemed to our 
Committee that this was not an unreasonable request since this 
was not a normal meeting but a war meeting, with none of the 
usual entertainment features included for which a portion of the 
registration fees is used to defray the expenses. However, if the 
Society is unwilling to pay the bill involved in this special feature, 
our Committee voted to pay it from our meager funds. 

The meeting adjourned at 6:45 p.m. 

Pau H. Fatt, Secretary 
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ERSONS interested in the early chemistry of this 

country will find much of value in the life stories 
of Dr. Patrick K. Rogers and his four sons. It is 
quite true that educators generally are well informed in 
regard to William B. Rogers-—founder of the Massachu- 
setts Institute of Technology—while geologists the 
world over are acquainted with the labors of Henry D. 
in their science, and Robert E.—the youngest brother— 
arrests attention through his chemical activities; but 
of the eldest son, James B.—the subject of this sketch— 
not so much is known—not as much as is merited. 

Father and sons knew chemistry well and contrib- 
uted worth-while results in that field. 

Rarely does one encounter a family in which there 
were sO many common interests; further, these four 
brothers were intensely devoted to one another. They 
were together whenever possible, and at other times 
were in regular correspondence. All of them became 
professors. All were most efficient teachers. All were 
votaries of science. All were zealous in the growth and 
diffusion of knowledge. All were alert as to the litera- 
ture of their special fields of science. 


Whenever they met .. . the scientific topic of the day was sure 
to be the chief subject of conversation. 


Until all hatl placed themselves beyond need, the full 
purse, no matter who of the four held it, was regarded 
to be a common resource. 

Correspondence among them, as previously an- 
nounced, was frequent, and illuminating in many 
directions. At present it clarifies many. past occur- 
rences. Before introducing interesting abstracts it 
should be remembered that the older brothers were born 
in Philadelphia and the youngest, Robert, in Baltimore, 
where the father had an apothecary shop. In 1819 the 
latter became professor of chemistry in William and 
Mary College, as successor to Robert Hare. This is a 
noteworthy fact in view of subsequent developments. 
One writer has said: 

Dr. Patrick Kerr Rogers was soon settled in the Brofferton 
House on the Campus with wife and four boys. He was earnest 
in his work. He made all the apparatus required to illustrate 
his lectures. In the making and mending he was habitually 
aided by his sons, who thus acquired unusual facility in the use of 
working wood and metals. He also prepared and printed a syl- 
labus of his course of instruction. 


It was in William and Mary College that the sons 
were educated. In 1820 the mother died, followed by 
her husband in 1828. His successor was William B., 
his second son. 

After a brilliant college career James Blythe Rogers 
(Feb. 22, 1802) studied medicine, receiving his doctor’s 
degree from the University of Maryland in 1822. He 
was not in love with his profession; in short, medicine 


James Blythe Rogers, Chemist, 1802—1852 
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was repugnant to him, so he became “‘superintendent of 
an extensive manufactory of chemicals in Baltimore,” 
where he sedulously cultivated scientific and applied 
chemistry. And here for the moment we shall leave 
him to revel about among the fraternal letters. 

For example, in 1821, when James was in Baltimore, 
he wrote William that in a lecture Dr. De Butts had 
said: 

No two bodies of heterogenous character are presented to each 

other without thereby chemical union being produced; for in- 
stance, a drop of water applied to a plate of glass adheres to it by 
virtue of chemical attraction, or affinity; and that the different 
forces of this attraction are to be observed in all degrees; 
I believe this opinion to be erroneous . ... when you write give me 
your opinion on this point. ... Dr. De Butts seems to have 
considerably improved as a lecturer since I last heard him, yet he 
falls far short of Father.... While listening to the Doctor... 
I wished the students could hear one of Father’s lectures, for 
they as far surpass the Doctor’s in point of correctness, science, 
and elegance, as the meridian sun does the evening star in bril- 
liancy. 


And in a second epistle from James to William B. 
(1822) he asks him to— 


inform Henry that as he has arrived at that age in which he 
might write a letter nothing would give me more pleasure than to 
receive one from him, a letter in which I shall expect him to tell 
me what he is studying, and how he comes on in his studies. 
I have, I think, perceived in Henry that constitution of mind 
which is admirably fitted for success in this world, and which, if 
properly cultivated, would manifest genius of no ordinary cast. 


Here James was correct, especially in view of the 
eminence which Henry did achieve. 

Again the letter expressed that affection so evident 
in the entire correspondence of the brothers. 

Telling of Baltimore experiences, James 
advised William that 


for the sake of improvement I attend some of the lectures in the 
University, and particularly the chemical lectures, by which I 
have had an opportunity of testing Dr. De Butt’s acquirements. 
Dr. Murray, whose works I have read, I have found to be his 
right-hand man. I have myself made so much progress in this 
beautiful science that I would not exchange my knowledge of the 
subject for that of the Doctor. I have for the sake of improve- 
ment written an introductory lecture on chemistry, which I 
should like you to see. ... 


And William, in Baltimore, wrote (1827) their 
father at Williamsburg: 

James is well and apparently in good spirits. 
hand at analysis. 
While James, himself, addressed the following letter to 
his father: 


I am now at Windsor, which place I have visited for the pur- 
pose of consulting my brothers upon the subject I desire to consult 
you. Isaac Tysoh, the chemical manufacturer, is desirous that 
I take the same office in the factory which I had last summer. 


(1822) 


He is a great 
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He is willing to dispense with a written contract, and would sub- 
stitute in its place a promise to the same amount. With any 
honest man, the one would be as obligatory as the other. He 
made arrangements so as to change the situation of the experi- 
ment room to a more airy and agreeable part of the premises, 
and also to improve the manufacture of chlorine, so as to render 
it not so unpleasant to the operator. He is willing to allow only 
350 dollars salary the first year and 400 the second. Upon re- 
flecting upon my present prospect and situation, and consulting 
with my brothers, I have thought I should accept the situa- 
tion. ... 


And Henry (1828) wrote home: 


James is quite well. He is actively employed in the discharge 
of his duties, which require, indeed, through the day, an unremit- 
ting application. I think he displays from his success in many 
delicate and complicated processes, and from the certainty and 
accuracy of his final determinations, no ordinary acquaintance 
with the difficult operations of refined analysis. Indeed, I have 
no doubt but that he will one day be among the first practical 
chemists in the country. 


And William a fortnight later informed the father— 


James has a companion in his chemical engagements—a young 
gentleman recently from France, a pupil of the celebrated 
Thénard. He is the most scientific young man I have ever met; 
with an intimate acquaintance with chemistry, theoretical and 
practical, and a knowledge of all the important principles of 
physical science, he combines a large fund of general informa- 
tion. We find his conversation very interesting. He is able to 
describe from personal knowledge many of the distinguished 
scientific characters of France and Lugland. 


This reference to James was in consequence of the 
latter having attached himself to a new medical 
school—the Washington—functioning at the time as a 
rival of the older school, the University of Maryland. 
His sojourn in it, though brilliant, was short-lived, and 
he and Henry then sought posts in what was known as 
the Maryland Institute. They were successful, yet in 
1830 Henry D. sought and was elected to the chair of 
chemistry in Dickinson College, Carlisle, Pa. He was 
just 22 years old. It is interesting to observe this fact, 
though in later days he was to be an avowed geologist— 
holding the chair in this subject in the University of 
Pennsylvania, and subsequently in the University of 
Glasgow. While in his chemical chair he founded a 
magazine called The Messenger of Useful Knowledge. 

Probably absorbed—completely submerged in his 
new duties—Henry suddenly awakened to the realiza- 
tion that his post was not altogether to his liking, for a 
month after assuming his professorship he wrote his 
brother William: 


Carlisle, Feb. 2, 1830 


I did not discern until recently how prostrate must be the 
independence of all who take their hire of a nefarious priesthood. 
But now I find full amply that the tenure of my station must be a 
deep hypocrisy and an oppressive and ignominious servitude. 
Some evenings since, I attended a pleasant party at which the 
choicest society of the place was present. To gratify the com- 
pany, the host produced his violin, and all united in a dance. 
Now I, poor devil, knew no reason why I should not with the 
rest taste the gaiety of the evening, nor could I apprehend that 
any should scruple at my conduct. In deference therefore to the 
mistress of the house, I danced, and saw in the same cotillion two 
of the Trustees of our College. But, behold, in due time I was 
notified through a private interview with one of our priestly 
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rulers how greatly I acted amiss, and was made abruptly to know 
how little my greatest services might avail me to retain my 
place should I disavow the requisitions of their church, or fail 
in my conduct and expressions to cooperate in rendering the 
College a school of religious discipline. Now this was gross 
tyranny and insult, and my soul burned to defy it. Then was it 
that I felt the lofty spirit of my father in me, and answered that, 
if such must be the fetters I must wear, then Dickinson and I 
must part; but I afterwards softened my expressions and all was 
appeased between us. Since, I have held myself mute and con- 
tinue cautious. I think I have fair expectations of re-election 
in the spring, but certainly I should forfeit all chance of such an 
issue were I not now to bow low to dictation. 


Henry’s troubles increased, and his position becom- 
ing more and more trying to him, he resigned in the 
spring of 1831. It may be designated incidental, but 
just fifteen years prior to the date when Henry became 
the Professor of Chemistry in Dickinson College, 
another early American chemist, Thomas Cooper, 
M.D., assumed the same chair and for years experienced 
all sorts of criticism and opposition because, it was 
avowed, he was irreligious and worldly, hence in due 
course he assembled his household goods and _ hied 
him away to Philadelphia. 

These two men—Cooper and Rogers—strangely 
enough held in after days, professorships in the Univer- 
sity of Pennsylvania. There they apparently gave 
commendatory service. 

But to return to James. 
1829 he advised William: 


It seems as if I was peculiarly selected for the sport of adverse 
fortune. ... Our classes this season were small; the proceeds 
arising from mine, together with some monies I had received as 
registrar of the College for matriculation fees, were laid aside. 
After having liquidated my debts, I had about $100, which I left 
hung up in one of my coats in the room I thought secure. While 
I was out some villain entered my room, stole the coat and some 
articles of clothing of much less value.... Dear brother, I am 
thus left almost penniless, and, with the exception of two or three 
tickets I expect to sell sometime in the winter, know not where to 
look for money. ... I have received from Philadelphia the def- 
lagrator (of Hare) and made some of the most brilliant experi- 
ments with it ever made in Baltimore—but I must delay getting 
the other instrument—the calorimotor.... 


In a December letter of 


And Henry, conversant with this unhappy state of 
James, wrote William that 

Five hundred dollars would make his long-harassed heart sing 
with joy and it would afford him means of accomplishing a sure 
success. After relieving him of all embarrassments, it would 
contribute enough for apparatus and other expenses essential to 
the undertaking... . 


William evidently responded in a generous fashion. 
He had become the virtual leader of the band of broth- 
ers, and gradually began direction of their plans of 
endeavor. He knew that James was retiring in his 
nature and not at all aggressive, preferring to quietly 
pursue his routine course and in a sense suffer in quiet. 

The following letter reached James in connection 
with the financial relief which had been extended him. 
William’s affection is very evident: 


Be not discouraged by the present state of circumstances. 


James was working during the day in his industrial 
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post; at night he was in the Maryland Institute en- 
deavoring to supplement his meager salary, so the 
kind words of William must have been most welcome: 
The demand for men qualified as you are is daily augment- 
ing.... Be on the alert, be vigilant in watching for the propi- 
tious opportunity.... In the season of disengagement from the 
duties of instruction, do not abandon your studious pursuits. 
Above all, my dear brother, be not too diffident of yourself... . 
This is not a country in which retiring merit is ever likely to be 
rewarded. ... Here talents cannot succeed without enterprise 
and every man is expected to “achieve his own greatness.” 
The community will only give you credit for as much as you dis- 
play, and they will not seek to educe your hidden resources. 
You must present yourself before them boldly, frequently, and 
impressively; you must almost obtrude yourself upon their 


notice... . 


Such was the advice of the future president of a great 
educational institution. 

The cares, anxieties, and burdens of James were very 
great. Indeed, in August of 1830, he succumbed to 
them, becoming violently and seriously ill. But on his 
final recovery he felt constrained to terminate a long- 
standing engagement and was married to a lovable, sen- 
sible daughter of old Harford County, Maryland. To 
improve his income he joined with a friend in the busi- 
ness of apothecary in Baltimore—a business in which 
years before his father ventured. And it was, too, in 
the same city. It was a false step for him. It was a 
heart-rending period for him. Failire resulted. Wil- 
liam was comfortably settled as professor at William 
and Mary College, Robert was enjoying his student 
preparatory days, while Henry was drifting about— 


drifting, however, to some purpose, sailing at length 


on May 19 to England. In London he enjoyed de- 
lightful relations with the men of science and made his 
final determination to be a geologist. In his letters 
to his brothers and relatives in America he dropped 
numerous delightful notes of the men of science with 
whom he associated. He said of Edward Turner, pro- 
fessor of Chemistry in University College, London: 


Turner is in every sense a gentleman. . He experiments 


very much and in a beautiful style. 


And again— 

I go to the Royal Institution, where Brande and Faraday de- 
liver perhaps the most perfect course of chemistry anywhere 
given.... Faraday is at present on electricity.... Yesterday 
he was melting the metals.... Faraday’s style of lecturing and 
experimenting reminds one of Paganini’s playing; so easy, so 
adroit, so much execution.... Faraday is, I fancy, the leading 
man now (1833) in England. 


During all this time James was an apothecary, strug- 
gling along with that medical school which seemed to 
desire him, although his emoluments were small, consid- 
ering his splended intellectual efforts. There were, 
too, analytical questions referred to him. 

Changes were occurring now for the brothers. Henry 
became (1835) professor of geology in the University 
of Pennsylvania; William was transferred to the 
University of Virginia, Robert was a medical student in 
Philadelphia (in chemistry under Robert Hare), and 
James had migrated to Cincinnati, his chief employ- 
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ment being that of professor of chemistry in a rather 
large Medical School. A little family was growing up 
around him. His correspondence was lagging and the 
brothers were wondering as to his condition and 
engagements. In 1837 he became chief assistant to 
William on the Virginia geological survey, his duty being 
the chemical work. 

William, in the University of Virginia, was fairly 
overwhelmed with the duties of the geology of that 
state and with the cares of his chair—natural philos- 
ophy. Henry was likewise completely absorbed with 
the geological survey of Pennsylvania. On his broth- 
ers, Robert and James, he was constantly calling for 


Engraved by T. B. Welch (Phila.) from a Daguerreotypejby M. P. Simons} 


JAMES BLYTHE ROGERS, CHEMIST, 1802-1852 


aid in analysis. In December of 1837 he wrote William 
that Dr. Daubeny, Professor of Chemistry at Oxford, 
was in Philadelphia for a visit. It was this distin- 
guished gentleman who wrote an admirable volume on 
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“The Atomic Theory.” Henry met him frequently 


and observed that 





he is very amiable. 


Henry’s laborious geological duties in the end 
prompted him to draw James from the Medical School 
of the University of Cincinnati, and have him help at 
times in the field work, but more particularly in the 
laboratory, where he had employed his brother Robert 
and Martin Boyé. 

The second annual meeting of the Association of 
American Geologists and Naturalists was held in Phila- 
delphia in April, 1841. James then, in that city, quite 
fully occupied with Henry, wrote to William at the 
time: 

The meeting was pretty fully attended. Its deliberations were 
conducted with much spirit and were highly interesting. 

You can well understand how pleased I am to have it in my 
power to inform you that I have not been neglected, but that a 
few days ago the Faculty of the University of Pennsylvania in 
the most prompt and complimentary manner, appointed me 
professor of chemistry in the Summer Institute, and Robert as 
my assistant. This place, you recollect, was occupied by Mit- 
chell. ... We regard the position as a highly favourable one, 
as it places us on the best possible road to something better here, 
and associates us with such men as Jackson, Chapman, Horner, 
Hodge, Ball, and Hare, and makes me Hare’s representative 
during the summer, in fact, identifying us with the interests and 
character of the University. In a peculiar point of view, it can 
prove but little serviceable in the present year, as I believe the class 
does not numiber more than thirty or forty. But all connected 
with it are devoted to its success as the child of the University, 
and assure me that next summer the class can be made to reach 
one hundred. 


This Summer Institute was the Philadelphia Medical 
Institute and has continued down until in very recent 
years. It ran through each year. It was an auxiliary 
to the regular Medical School—every branch of which 
was taught in the Institute by younger and aspiring men 
who lectured regularly and also quizzed their students. 
Its abode continues today though otherwise used. And 
Henry writing April 18, 1841, to William remarked: 


James delivered his introductory on Friday iast. It was really 
very fine, mostly extemporaneous; the best part, indeed, was en- 
tirely so. He will very soon win for himself the reputation of 
being the best lecturer in the City. 


And enthusiastic young Robert advised Henry: 


James is even improving in his lectures, if there were room for 
improvement. The students appreciate his enthusiasm and 
clearness. I am sure it is the shortest hour of learning they have 
in the twenty-four. I could not but remark the other day the 
strong expression of satisfaction upon all their countenances as he 
finished his explanation of electric attraction. ... 


Robert, in 1842, succeeded to the chair of chemistry 
and pharmacy in the University of Virginia as successor 
to the deceased Dr. Emmett. William in a note to 
James said: 

Robert has been particularly lucky this year, as he has sixty- 
six students entered for his courses and may expect to have 
seventy-five. 


and continues, 
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We missed you, my dear James, at the Association of Geolo- 
gists (1844-May). Next season you must arrange your affairs 
so as to be present.... Why, my dear James, do you not write 
to us? We are desirous of knowing all particulars connected 
with the Institute—what is Dr. Hare now about; how Frazer 
succeeds in his new place; whether he intends retaining the place 
in the Franklin Institute, and other items of interest?... Itrust 
dear Rachael (wife of James) has quite recovered. Tell her I 
think daily with brotherly affection of her and the children. .. . 
What are you now lecturing on, and what new arrangements(1844) 
have you made in your laboratory? I hope you still continue to 
gather materials for your book. Depend upon it, you might do 
great things by such a work. 


And in February, 1845, he inquires: 


When will your lectures in the Institute terminate? The 
Medical courses are, I suppose, now closing, and the great doc- 
tors’ mill is making its last revolution preparatory to the proc- 
ess which is to send abroad the manufactured product stamped 
wholesale with the University branding iron. 


In 1847, Robert Hare resigned his chair of chemistry 
in the University of Pennsylvania, and his successor 
was James Blythe Rogers—the successor to the same 
eminent individual to whom his father had succeeded, 
twenty-eight years previously. 

The brothers William, Robert, and James were now 
comfortably established in professorships, while Henry 
was succeeding as lecturer and geological expert in 
Boston. 

Perhaps it will now be well to consider the experience 
of James in Philadelphia. Before leaving Cincinnati, 
the President of the United States had offered him the 
post of melter and refiner in the branch Mint at New 
Orleans. It was in 1840, as previously stated, that he 
became a permanent resident of the City of Brotherly 
Love, where he assisted Henry, doing the chemical 
work of the geological survey. In 1841, he became 
attached to the Philadelphia Medical Institute. In 
1844 he was unanimously chosen professor of chemistry 
in the Franklin Institute. In 1846 he became a member 
of the American Philosophical Society. In 1847 he was 
a member of the Faculty of Franklin College. Following 
the assumption of Robert Hare’s chair (1847) he be- 
came a member of the Academy of Natural Sciences 
and representative of the University of Pennsylvania in 
the National Convention for the revision of the Phar- 
macopoeia of the United States. In conjunction with 
his brother Robert (1846) he compiled a volume on 
inorganic and organic chemistry (based on the works 
of Edward Turner), which was used as a textbook. 
This is only one instance where these two brothers 
acted as co-laborers. William and Henry were joint 
authors of eight and Robert and William of nineteen 
papers. 

In Volume 6 of the Journal of the Philadelphia Col- 
lege of Pharmacy, James published the results obtained 
from the analysis of soup containing arsenic. It is a 
most interesting contribution to forensic chemistry, 
made in the year 1834, in the city of Baltimore. Ex- 
periments with the elementary voltaic battery tried 
out with James Green, an instrument maker, gave 
James an additional contribution, the results of which 
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were novel and decidedly valuable (American Journal 
of Science and Arts, 28, 33 (1835). 

Early chemical literature had shown that copper was 
entirely insoluble in pure hydrochloric acid, when oxy- 
gen is absent. This was made the foundation of an 
analytical process recommended not only by Fuchs, but 
also by Fresenius. James B. Rogers, in conjunction 
with his brother Robert, proved the scheme to be in- 
accurate (American Journal of Science and Arts, 2nd 
Series, 6, 395 (1848). 

The major portion of James Rogers’ experimental 
activity, as already stated, was in the field of analysis, 
and the results recorded in the publications made by his 
brothers William and Henry on the geological surveys 
of Virginia and Pennsylvania. It is also true that in the 
great manufacturing establishment of Messrs. Tyson 
and Ellicott vast improvements in manufacture and 
products were due to his devotion, skill, and dexterity 
in manipulation as well as to his remarkable insight into 
the nature of the materials upon which he experimented. 
In the two years that he was active in the Franklin 
Institute of Philadelphia it was admitted by all that he 
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was ever ready to embrace the chances presented of making his 
knowledge subservient to industrial purposes. 


This, then, about concludes the life story of an 
earnest, devoted cultivator of our science in an early 
period of the country’s development along chemical 
lines. His labors were quietly closed on June 15, 1852. 

A colleague of his later life said: 


As an instructor he was honest. The full storehouse of his 
mind was drawn upon to instruct his students, and no pains nor 
labor did he spare himself to make easy to them comprehension 
of the important truths he taught. The manner which he ex- 
hibited, from its impressiveness, proved that he felt the necessity 
of the information which was communicated, and the language 
employed to clothe his thoughts, when warming with his sub- 
ject, arose to eloquence. The explanations and reasoning 
which were given, were clear and lucid; while the illustrations 
which accompanied them were marked by dexterity and skill. 
In the lecture room could he be otherwise than popular? The 
ever attentive and gently breathing audiences who listened to 
him attest he was so. 


(The next biography in this series will be that of James 
Curtis Booth, Chemist, 1810-1888.) 


A Simple Water Still 


THOMAS C. HERNDON 
Eastern Kentucky State Teachers College, Richmond, Kentucky 


IN THESE days of shortages of materials when 
most metals ‘have started to their proper destinations 
—the theaters of war—the difficulties of securing labo- 
ratory equipment made of metal are increasing steadily. 
This fact, coupled with declining revenues .due to 
curtailment of enrollments, makes necessity not only 
the mother of invention but the father also. 

The still shown in the accompanying figure was 
designed by the author and constructed in the college 
shop. The boiler is a discarded ether drum of five- 
gallon capacity. The condenser jacket is a scrap of 
two-inch water pipe of convenient length. The con- 
denser inner-tube assembly is of one-inch brass tubing 
and fittings. The operation is automatic and is 
obvious from an inspection of the figure. Heat is fur- 
nished by a Cenco burner No. 11100 using natural gas. 
The total cost for labor and materials, including the 
burner did not exceed seven dollars and fifty cents. 
The output of distilled water is somewhat more than 
one-half gallon per hour at a cost of less than three 
cents per gallon at local gas and water rates. Its 
economy is one of its principal advantages. 

This still has been in operation for over five months 
and has required no attention whatever. It is regis- 
tered with the U. S. Department of Internal Revenue. 





It appears that the finest filament now produced by man or nature is the synthetic 
textile filament. Running about 20,000 miles to the pound, it*is only about one-eighth “eo 


the weight of the finest silk. 
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a Spreading Monomolecular Film 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


ERTAIN types of monomolecular films on a 

4 water surface act like a membrane capable of 
supporting compression. Because the film is in con- 
tact with the water surface, relative motion of the 
film and the water is opposed by viscous forces. For 
a film advancing over a water surface or for a free 
water surface flowing under a film, a slight ripple can 
be observed at the line marking the boundary between 
the clean water surface and the surface covered with 
the film. This ripple is caused by the viscous drag 
of the film on the water moving relative to it. 

The phenomenon is shown in the following simple ex- 
microscope slide 
either with 
or with soap, so 
the surface uni- 
slide is held per- 
with the fingers 
and is rinsed 
tap water to re- 
films from the 
The slide is then 
under the tap 
same position. 
served that as 
down the slide a 
start from the 
bottom and 
to the top on 
slide. The rip- 
fifteen seconds 
length of the 
periment can be 
as desired sim- 
under the tap 


periment. A 

is prepared, 
cleaning solution 

that water wets 
formly. The 
pendicularly A 
at the bottom 
under flowing 

move all surface 

water surface. 

removed from R a 
and held in the 





It will be ob- 
the water drains 
slight ripple will 
fingers at the ee 
slowly proceed 
either side of the 
ple takes about 
to travel the 
slide, and the ex- 
repeated as often 
ply by holding it 
each time 

The ripple is caused by a film arising from the fingers 
which spreads over the surface of the water which is 
draining down. This can be verified by observing small 
dust particles on the film surface which travel up the 
slide at the same velocity as the ripple Figure 1 shows 
how the ripple is formed. The free water surface, A, 
is draining down the slide. The film, C, is advancing 
upward under its pressure. This causes a ripple in the 
water surface at B because the velocity of the water 
flowing downward is reduced by the viscous drag on the 
film. The experiment can be performed using a glass 
stirring rod instead of a microscope slide; however, the 
ripple is more difficult to observe. 

A slightly more complicated yersion of this experi- 
ment, illustrated in Figure 2, is to flow a small amount 
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FIGURE 1 


of water continuously down the surface of a vertical 
glass stirring rod into acontainer. A film formed on the 
surface of the water in the container will force its way up 
the flowing water surface to the point, A, where its 
expanding pressure is balanced by the viscous drag of 
the water moving beneath it. The highest point of 
travel of the film up the moving water surface can be 
seen by observing the slight ripple which will rise up- 
ward until it comes to an equilibrium height. The ex- 
periment can be made far more graphic by putting a 
small amount of some nonwetting powder such as alumi- 
num stearate on the surface. The powder will adhere 
to the film and be carried along with it up the stream of 
downward flowing water. In general the rate of flow 
of the water over the glass rod will vary around the cir- 
cumference, and this will cause a rapid circulatory 
motion in the film. This is shown in an interesting 
manner by the movement of the powder. In the ar- 
rangement shown in Figure 2 the surface of the liquid 
in the vessel can be cleaned by shutting off the overflow, 
B, and flowing off any surface films. 

The experiment can be performed without using the 
stirring rod by letting the water flow gently from a tube 
directly into the container; however, the effects are not 
as marked. 
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os WHO are worried (and who among our 
educators is not?) by the serious teacher shortage 
may find some measure of consolation in the recent 
‘job freezing’ order of the War Manpower Commis- 
sion. A List of Essential Activities, issued by the 
WMC, is headed by ‘‘production of aircraft and parts; 
of ships, boats, and parts; of ordnance and accessories,” 
and includes thirty-five categories, of which the thirty- 
third is “educational services.” These are defined to 
include: ‘‘public and private, industrial and agricul- 
tural vocational training; elementary, secondary, and 
preparatory schools; junior colleges, colleges, universi- 
ties, and professional schools, educational and scientific 
research agencies; and the production of technical and 
vocational training films.”’ 

The important thing, however, is that part of the 
order which stipulates that no one engaged in one of the 
essential activities may transfer to any activity not 
included in the list, if an increase in wages is involved. 
A change from one essential activity to another with no 
increase in wages is in general permissible, but when 
pay is increased the change must be “‘covered by em- 
ployment stabilization plans,’ which means that it has 
been officially judged to be in the interest of the war 
effort. 

Evidently our teachers can no longer go wandering 
off in search*of greener pastures unless the gates have 
been left open officially and intentionally. 


@ The April number of the Monsanto Magazine con- 
tains four articles of real chemical interest. In one, on 
“North African Phosphates,” it is brought out that 
North Africa is one of the world’s largest producers of 
phosphate and that the capture of this strategic region 
leaves the Axis with only 15 per cent of the world’s 
phosphate, which sounds like a reasonable supply but 
actually is far less than enough for their purposes, mili- 
tary and civilian. Another article on “Chemistry in a 
Victory Garden’’ contains a number of helpful sugges- 
tions to chemists (and others) who ‘“‘take to the soil” 
this year. Among other things, it contains the follow- 
ing ‘‘pH rule,” showing the optimum pH of the soil for 
different crops: 


pH 5.0 to 5.6: Potato, sweet potato, watermelon. 

pH 5.2 to 6.0: Eggplant, pepper, tomato. 

pH 5.6 to 6.8: Beans, carrots, corn, parsley, parsnips, 
pumpkin, salsify, Swiss chard, turnip. 

pH 6.0 to 7.2: Beets, broccoli, cabbage, cucumber, 
endive, leaf lettuce, peas, muskmelon, radish, 
rhubarb. 

pH 6.4 to 7.6: Asparagus, cauliflower, celery, leek, 
head lettuce, onion, spinach. 


““A Chemical Plant in a Forest’’ expresses some con- 
cern over the fact that Nazi Germany has been making 


Out of the Editors Rashet 


293 






great advances in the production of valuable materials 
from wood; among these materials are alcohol, lubri- 
cants, sugar, proteins, food, textiles, even ‘‘wooden 
iron,” structural material made of glued and resin- 
impregnated wood. New chemical industries, per- 
haps even more important than the coal tar or the iron 
and steel, are prophesied, based upon the use of wood. 

“Today the average man thinks of wood in terms of 
trees, boards, furniture, and toothpicks. However, in 
the future all of us will think of wood in terms of liquids 
and crystals, foods, and cosmetics. Someday we may 
fly into an airport in a plastic plane made from wood, 
fuel and grease the ship with wood products, and then 
fly home to dress for evening in formals made from wood 
fiber. 

“Hothouse Royalty” begins with: “When orchids 
bloom in the moonlight, you can bet your last plug 
nickel that both a botanist and a chemist are somewhere 
in the background armed with nutrient solutions and 
flasks.” Some of the ways in which chemistry con- 
tributes to the raising of orchids are described. 


@ What are the questions uppermost in the minds of 
young men now who are considering various oppor- 
tunities of employment in the chemical industry? A 
discussion of this point at a recent meeting of the Ameri- 
can Institute of Chemists indicated that the most im- 
portant factors which a young chemist considers today 
in deciding which job to accept are: the type of men 
who are group leaders or department heads of a com- 
pany; its research facilities; the character of its re- 
search; location of the plant; salary. 


@ The Dutch Boy Quarterly (Vol. 21, No. 1, published 
by the National Lead Company, 111 Broadway, New 
York) tells about an improved lead for chemiéal proc- 
essing, in an article entitled ‘‘Tellurium Lead.” 

“A large number of industries producing war mate- 
rials utilize sulfuric acid at some point in the manu- 
facturing operation. The tanks, pipe lines, valves, 
coils, and other apparatus necessary in the handling of 
the acid usually depend for their acid resistance on lead. 
Since the beginning of chemical processing, lead and 
sulfuric have gone hand in hand—a partnership based 
on the simple fact that lead resists the corrosive action 
of sulfuric acid solutions and gases better than any 
other structural metal available to the chemicai engi- 
neer. 

“The most noteworthy new type of lead made avail- 
able to the process industries in recent years is Tellur- 
ium Lead. First marketed a few years ago, it is now 
widely used in chemical plants, rayon mills, metal re- 
fineries, and in other industries.. Its service record 
proves it to be a valuable lead for many acid-handling 
purposes, particularly in operations where the com- 
bination of corrosion and mechanical stress appear to 
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be causing difficulties not justified by either condition 
alone. 

‘Tellurium Lead is not a new lead in the sense that 
it is a material wholly without service background. 
On the contrary, Tellurium Lead is simply chemical 
lead to which a fractional percentage of tellurium has 
been added. The amount is less than one-tenth of one 
per cent, and does not alter the familiar acid-resistant 
properties of chemical lead. The addition does, how- 
ever, change certain fundamental characteristics of the 
metal.”’ 


e A first aid to first aid instruction has just recently 
come to our attention. The emphasis upon safety 
education and the development of safety protective 
measures involve sound instruction in first aid as a 
further means of solving the man power problem. 

The new teaching material was produced in coopera- 
tion with the Bureau of Medicine and Surgery of the 
Naval Bureau of Aeronautics, and consists of twenty 
filmstrips containing over a thousand pictures, photos, 
charts, graphs, drawings, and exhibits. Each film, with 
its accompanying record, is the basis of a single first aid 
lesson. For each filmstrip (two of which are in techni- 
color) there is a synchronized lecture on a disc record, 
and with the whole set there is a printed textbook. 





The Monsanto Chemical Company is one of several 
industrial users of the new visual first aid instruction 
method, and the company’s safety engineer, Mr. George 
Lero, is voluble in his praise of the Film Kit, a picture 
of which is shown herewith. The use of this material 
supplements, but does not replace, the older methods 
of first aid instruction. 

The filmstrips in the Kit include the following titles: 
Purpose of First Aid; The Body; Shock; Unconscious- 
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ness; Common Emergencies; Minor Injuries; Wounds; 
Dressings and Bandages; Artificial Respiration; 
Burns; Poison; Fractures; Moving the Injured. 
Some idea of the effectiveness can be had from the pic- 
ture showing the projection. 


e@ Waste of potential surgical and medicinal materials 
that might otherwise be used to alleviate suffering and 
restore American soldiers to health is one of the worst 
problems to arise when there is a black market in meats. 
Other elements wasted in illegal slaughtering would 
help the farmers meet the shortage of fertilizer and 
high-protein animal feeds needed to produce meats and 
other foods. 

Over and above the actual meat for food which is 
lost to legal trade, strategic by-products are wasted 
such as materials from which are derived surgical su- 
tures, adrenalin, and vital insulin. Adrenalin is a 
powerful drug obtained from the adrenal glands of 
animals and is used to check hemorrhage and as a hypo- 
dermic injection to check pressure and stimulate the 
heart. Insulin, among its other applications, is used to 
retard the formation of sugar in the blood of diabetics. 

Black marketeers of meats, working secretly and in 
haste, slaughter the animals, often under unsanitary 
conditions, and keep for sale only the big primal cuts, 
throwing the rest away. Hearts, kidneys, tongues, 
livers, sweetbreads, and other edible parts are wasted 
with abandon. 

OWT has indicated black marketeers in meats as the 
new saboteurs, in that they not only waste vital food 
supplies but actually destroy other critical materials 
that are greatly needed. Other gross wastages, the 
report said, are in gelatin for military photographic 
film, hides for leather, tankage, fertilizers, and bone 
meal. Rendering fats are also lost, from which soap 
and glycerine for munitions manufacture are obtained. 


e@ The disease-carrying virus, spreader of wartime 
epidetnics, has an ‘‘Achilles heel” that makes it vulner- 
able to ultraviolet rays and consequent destruction, 
Dr. Harvey C. Rentschler, director of research at the 
Westinghouse Lamp Division, reported recently. 
Experiments with these tiny particles of chemical 
substance have indicated that bullets of ultraviolet 
light must strike a certain spot in the virus before it is 
killed or injured; however, when such accurate shots 
are made it means certain annihilation for the disease 
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carrier. This ability of ultraviolet to inactivate virus 
means that science now has an effective weapon to use 
in the battle against influenza, infantile paralysis, and 
the common cold among other diseases thought to be 
caused by virus. 

It has been known that air-borne bacteria can be 
completely destroyed when subjected to enough radia- 
tion at the correct wave length, but experiments with 
bacteriophage, a type of virus, have produced new and 
curious results. In one experiment, for example, it was 
found that six arbitrary units of ultraviolet radiation 
would inactivate 50 per cent of the bacteriophage 
sample and that 12 units would destroy 75 per cent. 
When 400 units were applied better than 99.9 per cent 
of the virus particles were inactivated. 

Consistent 100 per cent destruction must yet be 
achieved, however, since even such a heavy barrage of 
ultraviolet rays apparently misses the vulnerable spot 
of a few virus particles. Bacteriophage particles and 
probably other viruses seem to be destroyed when a 
photon of ultraviolet light of the proper energy hits the 
proper band in the molecule, Dr. Rentschler pointed 
out. In the case of bacteria, on the other hand, tests 
have shown that the killing action is caused by the ac- 
cumulated energy of the different photons. In other 
words, photons must strike a vital spot on the virus 
molecule or else the virus is unharmed. When bacteria 
are struck at any point they receive either a partial or 
fatal injury. 

The viruses, which many believe to be merely chemi- 
cal compounds and not living organisms like bacteria, 
have been found to be a widespread cause of disease in 
man, animals, plants, and insects. They are so small 
that they pass through all filters and can only be seen 
for a moment in outline by the powerful electron mi- 
croscope. A series of test tube wars in which millions 
of bacteria are swiftly attacked and destroyed by the 
invisible parasite have enabled the Westinghouse 
scientists to study virus which feeds on bacteria and 
destroy it by ultraviolet rays. The existence of active 
specimens can be proved only after they have dissolved 
a test tube of bacteria. One of the ways viruses spread 
is by air, as a result of a cough or sneeze, it is claimed. 
If a virus is in the air we breathe, we are exposed to the 
disease. 


e Exhaustive tests to develop a fuel composed of a 
mixture of oil and coal, for years the goal of research 
chemists and engineers, have been started by the United 
States Bureau of Mines and The Atlantic Refining Com- 
pany. 

If the tests prove successful in developing a colloidal 
fuel for industrial furnaces, heating plants, and power 
generators, the amount of oil needed by this type of 
equipment will be reduced by about one-third and will 
be an important factor toward alleviating the serious 
petroleum shortage along the Atlantic seaboard. 

The mixtures used in the experiment contain approxi- 
mately 60 per cent oil and 40 per cent bituminous coal 
pulverized into powdered form in grinding machines. 
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The type of coal used is bituminous with a relatively 


low ash content. The greatest problem is to establish 
a mixture which will prevent the settling of coal par- 
ticles and a consequent separation of oil and coal com- 
ponents. 

It is pointed out that the mixing could be done in 
central mixing plants and delivered to consumers just 
as fuel oil is now delivered. The proximity of bitumi- 
nous fields to the great industrial centers of the East also 
would lighten the burden of oil transportation. 


@ When housewives pack winter woolens away this 
spring, they’ll be able to protect them from sabotage by 
clothes moths. 

With production at about 90 per cent of the pre-war 
rate, there'll be enough moth balls and flakes to do the 
job, but not enough to waste. 

Moth balls and flakes call for naphthalene—a white, 
glistening solid derived from coal tar distillates by 
cooling and centrifugal action. Large quantities of 
naphthalene, transformed by chemical magic into vari- 
ous other substances, are needed to produce smokeless 
powder, synthetic rubber, dyestuffs for uniforms, foods 
and drugs, protective coatings for shooting equipment, 
Navy ships, Army cantonments, and agricultural ma- 
chinery. 

Since war is seriously hampering importation of 
crude naphthalene, production rests almost entirely 
with domestic manufacturers. They cannot make quite 
enough to take care of all the new war needs and all the 
old needs too. 

The current supply of paradichlorobenzene, a spark- 
ling white crystal similar in appearance to naphthalene 
crystals, and used in the same way, seems adequate. 

Pine oil, ingredient of the pleasant-scented sachets 
housewives like to tuck away in clothes closets to repel 
moths, is as abundant as ever. 

Sprays for killing moths on the wing are not so plenti- 
ful as before the war, because of the difficulty of import- 
ing some of the essential components. - 

Readily available for the most part are mothproofing 
solutions, used to render materials immune from attack 
by moths. The small quantities of sodium fluoride, 
cinchona, sulfur, or other chemicals they call for add 
up to so little that their use for this purpose has not 
been restricted. 

Ethylene dichloride and carbon tetrachloride, com- 
bined to form a’ nonexplosive and noninflammable 
moth fumigant commonly used by housewives, are both 
restricted but still available in stores. 

New cedar chests come in somewhat fewer styles than 
before. New styles, fancy metal frills are out. Use of 
metal for locks, nails, and screws has been restricted 
to the minimum. 

Use of metal to hold mothproof paper garment bags 
together has also been cut as much as possible, but with- 
out in any way destroying efficiency of the bags. 


e Bridging the gap between the knowledge of special- 
ists and the knowledge of both students and the general 
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public is the chief purpose of a group of educators who 
have just formed the Educational Film Library Asso- 
ciation, Inc., 45 Rockefeller Plaza, New York City. 
The founding of a permanent organization follows a 
year of consultation and joint activity by a committee 
representing a hundred and twenty-two university, 
college, and state educational film libraries. Public 
schools, public libraries, and museums are included in 
the membership of the new organization. 

As a step toward the achievement of its purpose, the 
formation of the association is intended to professional- 
ize the field and to raise the standards of motion picture 
education. 

The original committee from which the association 
grew has during the past year assisted the government 
in the distribution of war films, and the new association 
will continue to act as liaison between educational film 
libraries and government agencies producing films. 
Other activities projected by the association are the 
maintainance of a central reference service, a clearing 
house for films and other audio-visual aids, a center for 
the exchange of experience in the administration of 
audio-visual programs, and the preparation of bibliog- 
raphies, books, and pamphlets. 

Two recent films released through the Association are 
‘“‘Food—Weapon of Conquest” and “Battle for Oil.” 


@ The present shortage of industrial oxygen will con- 
tinue until early 1944 when it is expected that new plant 
facilities should be completed, it was stated at a meet- 
ing of the Oxygen Acetylene Industry Advisory Com- 
mittee held recently in Washington. 

The present shortage of calcium carbide, now under 
allocation, probably will prevail throughout 1943, the 
committee was told. However, several new production 
facilities are scheduled for completion during the next 
few months. 

War needs for acetylene, a gas generated from cal- 
cium carbide, and demands for oxygen continue on a 
peak basis; and it is imperative that all consumers of 
these gases adopt rigid conservation measures, it was 
pointed out. 


e@ Information for the producers and consumers of 
strategic materials is given by the Bureau of Mines in a 
new detailed report on monazite sand, a mineral used 
in comparatively small quantities but essential to the 
war effort. 

Prior to the United States’ entry into the war, half 
of this mineral’s consumption here was used in the 
manufacture of arc lamp electrodes, a fourth in pyro- 
phoric alloys, and the remaining fourth in mildew proof- 
ing, ceramic, and miscellaneous uses. 

Monazite sand, the only source of rare earth elements 
and thorium, in recent years has been imported from 
British India, Netherlands Indies, and Brazil, for there 
has been no domestic production since the last war and 
no substantial production since 1909. 
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Thorium, used principally in electron emissive ele- 
ments, is employed in radio tube and tungsten lamp 
filaments, gas mantles, high temperature refractories, 
x-ray targets, and as a catalyst. Cerium is the most 
important rare-earth element from point of usage, and 
praseodymium, neodymium, and lanthanum follow in 
that order. 


e Another contribution to visual instruction in first 
aid is a new sound film presenting basic first aid infor- 
mation in graphic form, which has been released by 
the Bureau of Mines. It is in 16-millimeter sound and 
runs 31 minutes. Copies are now available for exhibi- 
tion tffrom the Bureau of Mines, 4800 Forbes Street, 
Pittsburgh, Pennsylvania. Its title is “Help Wanted.” 

In “Help Wanted,” unusually effective use is made 
of animated diagrams superimposed over actual photo- 
graphs to show blood circulation, pressure points for 
staunching the flow of blood from a wound, and the 
effect of proper treatment of bleeding. It portrays 
typical mishaps causing bleeding wounds, shock, burns, 
asphyxiation, fractures, and other injuries and methods 
of treating them. 


@ The following report has been issued by the Division 
of Information of the War Production Board: 


GLYCERIN REPORT 


In 1862, an gbscure Swedish scientist developed a complicated 
chemical compound by combining ‘‘sweet oil,’’ the nineteenth 
century name for glycerin, with nitric and sulfuric acids, thereby 
producing an explosive so terrible that the scientist, Nobel, con- 
sidered war impossible from that time forward as being too de- 
structive for the human mind to endure. 

In April, 1943, the Government of the United States of America 
found it necessary to disallow all requests for glycerin, Nobel’s 
“sweet oil,” for use in nonessential civilian products, including 
cosmetics, dentifrices, candy, chewing gum, shaving cream, 
tobacco, and soap, because this same chemical is so vital to the 
effective prosecution of a modern war. 

Nobel’s calculation that his nitroglycerin would make war too 
terrible quickly proved to be a miscalculation. Eighty years 
later the denial of the glycerin required in his explosive compound 
was to alter the habits of thousands of Americans. Glycerin, 
simple component of hundreds of civilian products, was drafted 
early in this war, not only for the explosive compound, but in 
many and varied military uses. 

In the Army, glycerin compounds rank second only to alcohol 
as a solvent in medicinal solutions. In pure form, glycerin, is a 
powerful antiseptic, used in many types of surgical dressings. 
The highly effective emollient action of the chemical makes it 
valuable to dentists and physicians in the treatment of teeth and 
throat disorders, as well as sunburn and other skin irritations. 

Aside from its medicinal uses, glycerin finds a spot in a wide 
variety of indirect military requirements. For example, the dull 
camouflage coatings on tanks and planes require large quantities 
of glycerin. Seaplanes covered with glycerinless coatings are 
soon stripped clean by the corrosive action of salt water, wind, 
and weather. Even the Army, however, has had less glycerin 
for protective coatings than it really wanted. Glycerin com- 
pounds on wooden ammunition boxes are out, and even for 
Army and lend-lease purposes, beverage caps no longer are proc- 
essed with glycerin. 

Cellophane, an item of military necessity, can be made with- 
out glycerin, and 55 per cent is. The remaining 45 per cent of 
military cellophane made with glycerin is restricted to those uses 
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where durability is a main factor, or as a packaging agent for 
food, where the toxic quality of the glycerin substitutes prohibits 
their use. The most durable cellophane of all goes into capes for 
army personnel as a protection against possible mustard gas at- 
tack. 

Glycerin used in glassine and greaseproof papers is restricted 
entirely to ordnance and food packaging. In the textile and 
leather fields, where glycerin is vitally necessary to military dyes, 
as a leather softener, and as an adhesive in the ‘manufacture of 
shoes, its use has been curtailed as much as possible. 

In the Navy, the versatile nature of glycerin makes it irreplace- 
able in gun-recoil mechanisms, in hydraulic control mechanisms 
and other equipment, in ship’s steering gears and compasses, and 
again in the protective coatings for ships parts and guns. 

The vastly increased size of the Army and Navy has resulted 
in a corresponding increase in military demands for glycerin. 
These demands had to be met largely through severe civilian 
curtailment. 

More than a year ago, the War Production Board completely 
prohibited the use of glycerin in the manufacture of antifreeze 
solutions, and, at the same time, restricted all manufacturers to 
70 per cent of their 1940 consumption, unless they were working 
on medical or military items. With these restrictions, glycerin 
supplies continued to flow into most civilian items as in the past. 
Later in 1942 however, a tightening supply situation required 
additional cuts in civilian consumption. In November, for 
example, use of glycerin in tobacco was cut to 48 per cent of the 
1940 usage, in beverages to 50 per cent, in cosmetics and toilet 
preparations to 40 per cent. 

January, 1943, saw the elimination of glycerin from candy, 
beverages, and gum, its use in tobacco reduced to 35 per cent of 
the 1940 consumption, its use in cosmetics, flavorings, and short- 
ening dropped to 25 per cent. In March, 1948, glycerin disap- 
peared entirely as an emulsifying agent in shortenings. 

On the first of April, 1943, many more civilian items were 
added to this list. No more glycerin was allotted to manufacturers 
of cosmetics, dentifrices, lotions, beverages, flavors, candy, and 
all edible products (with the exception of margarine), chewing 
gum, shaving cream tablet, and pad adhesives, tobacco, shorten- 
ing, beverage crown caps, protective coatings for most civilian 
uses, soaps, hair tonics, and shampoos. 

The effect of these curtailments has not yet been felt by most 
consumers, since most retailers still have products containing 
glycerin on hand. Shortly, however, the ‘“‘smooth” quality which 
glycerin imparts to some beverages will be lacking; cigarets 
will lose the binding and moistening effect; some civilian enamels 
will lose that same durability that makes glycerin so valuable for 
military coatings. 

Even though these drastic curtailments have been effective in 
meeting the needs of the military and lend-lease, recent surveys 
indicate that essential needs can be met only through continu- 
ing supplies of waste fats from the housewives of the country. 
This situation continues in spite of the fact that cuts in civilian 
use amount to millions of pounds. 

Efforts to increase the production of glycerin have met with 
little or no success, because of raw material shortages. 

Glycerin is obtainable through three processes: (1) ‘“‘fat- 
splitting,’’ a method which produces approximately 10 per cent 
of our present supplies; (2) fermentation of sugar, used by Ger- 
many; and, (3) as a by-product in the manufacture of soap, by 
far the most productive source. 

“Fat-splitting” is a complicated industrial process whereby 
basic fats are divided into their component parts, one of which 
is glycerin. In the past, use of this process has been dependent 
on the industrial demand for the various other components as 
well as glycerin. The limited nature of this pre-war demand dis- 
couraged development of production facilities in the days when 
stainless steel and other metals were plentiful. The currently 
critical nature of these materials needed for synthetic rubber and 
aviation gasoline plants, and many other war uses makes ex- 
pansion of “‘fat-splitting’’ facilities impossible at fhe present time. 

Fermentation of beet sugar, followed by chemical distillation 
produces glycerin, as well as a host of other chemicals. This 
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method is Germany’s largest source of glycerin. Other products 
resulting from this fermentation distillation process go into Ger- 
many’s synthetic rubber. Adoption of this method in America, 
in addition to being economically wasteful, would make impos- 
sible demands on our critical metal resources, as well as requiring 
huge quantities of sugar, a commodity already rationed because 
of shipping shortages. Further domestic production of beet 
sugar would require the use of land now needed for food produc- 
tion. 

Unable to increase supplies of glycerin by ‘‘fat-splitting,”’ or by 
fermenting sugar, this country is forced to rely on the normal in- 
dustrial method which produces glycerin as a step in the manu- 
facture of soap. Soda or potash is mixed with fat to bring about 
the first chemical step toward soap production. Salt is then 
added, and the resultant heavy brine, containing glycerin and 
impurities, sinks to the bottom of the mixture while the pure soap 
remains on top. The briny residue contains anywhere from two 
per cent to 15 per cent glycerin. After treatment to remove im- 
purities, the residue is evaporated and most of the salt is crys- 
tallized, resulting in crude glycerin of 80 per cent concentration. 

Distillation of crude glycerin with superheated steam at high 
temperature and in a high vacuum produces ‘‘chemically pure” 
glycerin—a product containing 95 per cent glycerin and five per 
cent water. Further concentration reduces the residue of water 
to one and a half per cent or less, furnishing a glycerin suitable 
for the manufacture of explosives compounds, such as dynamite, 
double base powder, and other end products of nitroglycerin. 

In peacetime, considerable glycerin residue was left in soaps, 
because there was no incentive for its removal and refining. 
War demands have forced the abandonment of this practice. 
Standards issued by the War Production Board last year es- 
tablished one per cent glycerin content in soap as the maximum 
quantity allowable; recent government action has reduced this 
to four-fifths of one per cent (0.8 per cent). Further reduction 
of this residue is impossible for practical reasons. 

Production of glycerin in the soap-making process is dependent 
on the supplies of fats and oils available for this use. During 
1941, soap factories in this country used 2,143,000,000 pounds of 
fat. This figure represents more than double the amount of pre- 
war imports of fats. Ina move to protect the food supply, how- 
ever, WPB found it necessary to prohibit the use of edible fats and 
oils in the manufacture of soap and other nonedible products. 
1943 production calls for a maximum use of 1,800,000,000 pounds 
of fats and oils, leaving an annual production capacity of 350,000 
pounds unused. Thus, the soap industry is now producing at 
80 per cent of capacity. 

Fat and oil shortages appeared early in the war. Most of this 
country’s imports came from the Pacific area, and the annual 
volume of more than a billion pounds dwindled to almost nothing. 
The rising tempo of war production drew more and more fats and 
oils into industrial uses, both as raw materials and as lubricants. 
For example, every ship launched requires an average of 40,000 
pounds of animal tallow to grease the ways. Recently, as war 
fronts multiplied, vast quantities of fats and oils have been 
shipped to United Nation troops for use as food, military needs, 
and other supplies. 

In this country, the squeeze between uncontrolled live stock 
prices and ceiling regulations governing sales of fresh meat has 
resulted in packers and butchers leaving more than a normal 
amount of fat on meat reaching America’s tables. This practice 
cuts sharply into normal fat supplies from packing houses, and 
has the effect of putting more fat in the kitchens of the country 
than ever before. 

In an effort to recover the fats normally thrown away in the 
nation’s kitchens, the Government last year began a continuing 
program to get housewives to return this waste fat to industry 
through the local meat dealer. 

This campaign continues to be an essential long-term salvage 
effort. Military requirements have increased. Civilian con- 
sumption has been cut to bed-rock. Only by continued process- 
ing of the waste kitchen fats of the nation can military, lend-lease, 
and essential civilian requirements be met. Other methods of 
producing glycerin have been explored and found impossible. 











Spot Reaction Experiments 


Part IV: Protective Layer Effects 


FRITZ FEIGL 
Laboratorio Central da Producao Mineral, Ministerio da Agricultura, Rio de Janeiro, Brazil 


(Translated by Ralph E. Oesper, University of Cincinnati) 


HEN solids participate in chemical reactions the 

reaction takes place or starts on the free surface. 
Consequently, the reaction is impeded if the surface 
of the solid is coated with a coherent layer or film of 
resistant material. Such protective layers (galvaniz- 
ing, anodic oxidation, painting) are often applied in- 
dustrially to protect metal surfaces against corrosion 
by water and atmospheric agencies or attack by chemi- 
cals. Sometimes surface protective layers of oxide 
are formed by heating metals in the air. Such films 
are responsible for the “‘passivity’’ of metals, which 
then show little or no reaction toward acids. 

The pure metal cannot be distinguished optically 
from passive metal. This shows that even an extremely 
thin layer of oxide is adequate for protection. Con- 
sequently, it seems logical to expect that the surfaces 
of crystalline or amorphous precipitates may also be 
coated with a protective layer and thus shielded against 
certain chemical attacks. 

Experiments designed to detect the presence of a 
protective layer and to demonstrate the protective 
effect are always cumbersome, if made with precipitates 
produced in test tubes. In contrast, protective layer 
effects are easily and distinctly demonstrated with 
solids on paper. With their aid it is possible to show 
that the formation of protective layers need not be 
limited to the coating of metals, in which there is a 
great disproportion between the quantity of the metal 
and the protector, but that structures possessing ex- 
tensive surface and slight thickness and weight are also 
susceptible to coating, and on all sides. 

In addition to this fact, which is very instructive in 
understanding the fundamentals of surface coatings, the 
formation of protective layers on materials highly dis- 
persed in capillaries also has a practical analytical 
significance. It is possible, by means of spot reactions, 
sometimes to make sensitive tests to detect materials 
that are capable of providing a protective layer. 

The basic principle of the procedure for detecting a 
protective layer effect by spot reactions is this: a paper 
impregnated with a water-insoluble material is spotted 
with a drop of a solution containing a reagent which, of 
itself or by reaction with the compound in the paper, 
can form a protective layer. Then the paper is treated 
with a reagent which acts only on the unprotected com- 
pound, leaving the area of the fleck unchanged. 

Two conditions must be fulfilled if the protective 
layer effect is to be of value in analytical procedures. 


First, the coating must be as coherent as possible and 
must adhere firmly to the compound to be protected. 
Secondly, it must be easy to detect the differences in 
the chemical behavior of the protective layer and the 
protected compound. Consequently, the quick rec- 
ognition of a protective layer effect demands re- 
actions that are accompanied by definite color changes. 

Theoretically, the complete coating of a material 
with no more than a few layers of molecules of a’ re- 
sistant compound would suffice to produce a protective 
layer. In practice, such layers on impregnated papers 
consist of much thicker coatings, which are never 
perfectly continuous. The imperfections in the coating 
arise from the fact that when the solid penetrates and 
is dispersed among the capillaries of the paper, irregulari- 
ties and blank spaces are left. The reagents pass 
through these into the interior of the coating and under- 
go chemical reaction there. Consequently, as a rule, 
the coating is only partial; nevertheless, the differ- 
ences in the reaction rate of the protected and un- 
protected areas of the paper are sufficient to permit 
very sensitive tests. 

The best effects are obtained when the protective 
layer is formed by direct reaction with a material im- 
bedded in the capillaries of the paper, because the 
coating then fits very snugly. Indifferent materials, 
however, can also produce protective layers. Ex- 
cellent effects are provided by gelatinous materials 
since they can form a smooth film or coating over the 
surfaces of solids. In contrast, compounds that 
crystallize well, and so cannot cling tightly to a given 
surface, usually do not provide good protection. The 
following experiments illustrate these points. 

13. Protective Layer Effect of Palladium Dimethyl- 
glyoxime on Nickel Dimethylglyoxime. If a drop of a 
neutral solution of a palladium salt is placed on paper 
impregnated with nickel dimethylglyoxime, the red 
nickel salt is converted into the yellow palladium salt 
of dimethylglyoxime: 

Ni(DH); + Pd++ = Nitt+ + Pd (DH): 
(DH = dimethylglyoxime radical) 


Accordingly, considerable quantities of palladium form 
a yellow fleck on the red paper. However, these salts 
differ not only in color but also in their behavior toward 
dilute mineral acids. The nickel salt dissolves im- 
mediately, whereas the palladium salt is acid-resistant. 
Consequently, if Ni-dimethylglyoxime paper is spotted 
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with a strong Pd** solution and then is placed in acid, 
the red paper will be decolorized except on the spotted 
area, where yellow Pd-dimethylglyoxime will be left. 
The results are quite different if very dilute Pd** 
solutions are used. No yellow spot will be visible 
on the reagent paper, but when it is soaked in dilute 
acid, an intense red spot will remain while the rest of the 
paper turns white. 

The explanation of this phenomenon is this: the Ni- 
dimethylglyoxime within the capillaries of the paper 
reacts first on its free surface with Pd*++ ions and thus 
covers itself with a layer of Pd-dimethylglyoxime. 
This layer or coating prevents or retards the further 
penetration of the palladium solution. If this solution 
is dilute, the Ni-dimethylglyoxime will be covered only 
superficially and the unchanged material under the 
coating will be shielded against the action of acids. 
The red spot that is left after treating Ni-dimethyl- 
glyoxime paper with dilute palladium solution, fol- 
lowed by treatment with acid, is therefore merely Ni- 
dimethylglyoxime, protected against solution in acid 
by a thin invisible layer of Pd-dimethylglyoxime. 

The foregoing protective layer effect can be accom- 
plished by even minute quantities of Pd-dimethlygly- 
oxime. Its potency probably arises from the fact that 
the palladium and nickel salts of dimethlyglyoxime are 
isomorphous. Therefore, mixed crystals are formed 
on the surface of the Ni-dimethlyglyoxime. Con- 
sequently, the fit of the coating is the best imaginable, 
and accordingly it protects the underlying nickel salts 
to an extremely high degree. 

Procedure; Filter paper is soaked in one per cent 
alcoholic solution of dimethlyglyoxime and dried in a 
blast of warm air. Several strips of this paper are then 
soaked in 2 N ammoniacal nickel nitrate solution. 
Red Ni-dimethylglyoxime is thus precipitated in the 
capillaries of the paper. The reagent paper is washed 
with water, then alcohol, and then dried in a blast of 
warm air. It will keep for several weeks. On aging, 
the Ni-dimethylglyoxime recrystallizes slowly and part 
of it dusts away, so that the paper loses some of its 
original activity. 

One drop of 0.01 per cent PdCl, solution is placed on 
the reagent paper. After the drop has been completely 
absorbed, the paper is placed in dilute hydrochloric 
acid. The red paper turns white immediately, ex- 
cept the spotted area, which remains red. The paper 
is then soaked in water to wash out the acid. 

For comparison, paper impregnated with dimethyl- 
glyoxime alone is spotted with the palladium chloride 
solution and then soaked in dilute hydrochloric acid. 
A yellow spot of insoluble Pd-dimethylglyoxime is left. 
The drop tests are repeated on both reagent papers 
with progressive dilutions of the PdCl, solution. 
It will be found that dilute solutions giving no positive 
response for palladium on dimethylglyoxime paper 
nor with other reagents will, after the acid treatment, 
leave distinct red spots on Ni-dimethylglyoxime paper. 

This test for palladium will reveal as little as 0.05 y 
of Pdin one drop. The test is definitely specific since, 
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under these conditions, no other metals react or de- 
crease the sensitivity.! 

14. Protective Layer Effect of Thallium Iodide and 
Lead Iodide on Underlying Sulfides. When filter paper 
impregnated with T1.S or PbS is spotted with a drop of 
an ether solution of iodine, the corresponding iodide is 
formed. If considerable quantities of iodine are in- 
volved, the reaction can be detected directly by the 
color change from brown or black (sulfide) to yellow 
(iodide). The iodine solution can be gradually diluted 
until it is no longer possible to see any formation of 
TII or PblIy, which occurs with even small quantities 
of iodine. If, however, the sulfide paper with the in- 
visible iodide spot is placed in a solution of hydrogen 
peroxide the paper turns white quickly, except where 
the dilute iodine solution was applied. Brown flecks 
are left there. The phenomenon can be explained as a 
protective layer effect. The sulfides, highly dispersed 
in the capillaries of the paper, are superficially con- 
verted by iodine into the corresponding iodides. If 
only small quantities of iodine react, not more than a 
thin layer of iodide is formed. This is capable of 
protecting the underlying unaltered sulfide from the 
action of hydrogen peroxide. The latter oxidizes the 
bare dark sulfide to colorless sulfate. In contrast, 
it has no effect on the portions shielded by the iodide, 
or at least the oxidation proceeds only slowly. Con- 
sequently, the spot picture produced in the following 
experiment demonstrates the protective layer effect 
of quantities of TII or PbI2, that are so small that, of 
themselves, they are not visible. 

Procedure: Sensitive papers are prepared by soaking 
strips of filter paper in 0.1 N thallium carbonate or 
0.1 N lead acetate solution and then placing over 
ammonium sulfide. The paper blackens gradually as 
the respective sulfides are formed. The reagent papers 
are then washed briefly and dried. A drop of two 
per cent ether solution of iodine is placed on each of the 
papers and the spots are held for several seconds in a 
blast of warm air. The conversion of the highly dis- 
persed black sulfide into the corresponding yellow iodide 
will be observed. 

The iodine solution is now diluted with ether until 
no visible formation of iodide occurs when a drop is 
placed on the sulfide papers. The spotted papers are 
then placed in three per cent hydrogen peroxide solu- 
tion. Within one or two minutes, the papers turn 
perfectly white, with the exception of the spotted areas 
which remain black or brown. 

15. Protective Layer Effect of Fat or Paraffin on the 
Surface of Metal Salis. The experiments described 
in paragraphs 13 and 14 dealt with protective layers 
produced by direct reaction of suitable reagents with 
materials finely dispersed in filter paper. Indifferent 
materials can also produce protective layer effects 
through mechanical coating of materials dispersed 
in paper. They are thus shut off from attack by acids 
or other reagents. 





1FEIGL, Chemistry and Industry, 57, 1161 (1938). 
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Dilute benzene solutions of paraffin or fat are used in , 


these experiments. If a drop of the solution is placed 
on paper impregnated with ThS, Hg2Ch, or Ni-di- 
methylglyoxime, and the solvent allowed to evaporate, 
the impregnated material in the spotted area will be 
coated with a thin invisible film. Consequently, the 
protected TlS or Ni-dimethylglyoxime is not dissolved 
by acids, and brown or red spots are left when the rest 
of the reagent paper is decolorized. The spotted 
areas on the HgsCl, paper have lost the ability to react 
with dilute ammonia (Hg:Ck + 2NHs; = Hg + 
HgNH,Cl + NH,Cl), or the reaction is very slow. 
A white or light gray spot is left, surrounded by black 
or gray where the free mercury has deposited. 

Procedure: The preparation of thallium sulfide paper 
was described in paragraph 14; of the Ni-dimethyl- 
glyoxime paper in paragraph 13. The mercurous 
chloride paper is prepared by soaking filter paper in 
Hg2(NOs)2 solution and then in dilute hydrochloric acid. 
The paper, which is thus impregnated with Hg2Ch, is 
washed with water and dried in a blast of warm air, or 
the water is removed by soaking in alcohol. This re- 
agent paper should be stored in the dark. 

One drop of a two per cent solution of fat or paraffin 
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in benzene is placed on paper impregnated with T1.S or 
Ni-dimethylglyoxime. After the solvent has evapo- 
rated the paper is placed in dilute acid. If calomel 
paper is used it should be immersed in 0.3 per cent 
ammonia water after the solvent has evaporated. As 
soon as the spot picture of the protective layer effect 
has developed, the paper is placed in water to prevent 
the slow penetration of the reagent with consequent 
destruction of the spot picture. 

The experiments should be repeated with drops of the 
fat or paraffin solution that have been diluted to as 
much as 20 times their original volume by the addition 
of benzene. 

This protective layer effect will reveal smaller 
quantities of fat than the common “grease spot test.” 
In the latter, a drop of a fat solution is placed on 
thin tissue or cigarette paper. After the solvent has 
volatilized, a grease spot is left which, because of its 
translucence, stands out on the unaltered paper. A 
comparison of these two methods will demonstrate 
that the protective layer effect is a far more sensitive 
test. Consequently, this procedure can be used to 
detect even small quantities of fat extracted from the 
specimen by benzene. 


Part V: Solvent Effects’ 


F CHEMICAL reactions take place in solutions of 

the participants, or if at least one of the reactants 
is dissolved, the solvent also becomes a factor in the re- 
action. This statement should be taken in the sense 
that the solvent, first of all, provides the reaction 
medium in which the molecules or ions move and so 
come in contact with the molecules and ions of the 
other reactants. Furthermore, solutions of all kinds 
always contain loose combinations (‘‘solvates’’) of the 
solvent with the solute. Strictly speaking, then, the 
reactants (actual) are not molecules (ions) of the dis- 
solved material, but rather compounds of the solvent. 
The solvates can always be regarded as addition com- 
pounds of molecules (ions) of the solute with molecules 
of the solvent. It therefore seems logical that different 
solvates should exhibit different activities. This signi- 
fies that the solvent may influence the chemical re- 
actions of the materials dissolved in it. Examples of 
this effect are shown in the following experiments. 

16. Dissimilarity in the Activity of Iodine in Carbon 
Disulfide and in Ether. When iodine is dissolved in 
organic liquids violet or brown solutions are formed. 
The violet solutions (CS2, benzene, etc.), whose color is 
like that of iodine vapor, are assumed to contain molecu- 
lar iodine, or iodine loosely combined with molecules 
of the solvent. In contrast, the brown iodine solutions 





2 Fic, “Specific and Special Reactions,’ Translated by R. E. 
Oesper, Nordeman Publishing Co., New York, 1940, p. 64. 


(ether, alcohol, etc.) are believed to contain rather 
stable iodine-solvates. These are complex compounds 
in which iodine molecules are coordinated through 
auxiliary valences on certain atoms of the molecules of 
the solvent. The following coordination formulas 
can be written for the ether solvate of iodine: 


CH; C:H; ak 
So- +b Or: 

CoH; C.H; Be i 
(I) (II) 


Formula (I) merely designates that the iodine molecule 
is bound to the oxygen atom of the ether molecule. 
Formula (II) shows the ether molecule bound to both 
of the atoms of the iodine molecule by auxiliary va- 
lences. The original mutual binding of the atoms of 
the iodine molecule is thus loosened. If this view is 
accepted, the iodine molecule, which is combined 
with the solvent molecules in the brown solutions, 
should be activated, because the union between the 
iodine then corresponds more closely to the atomic 
rather than to the molecular condition. 

The following experiments will actually demon- 
strate that iodine in brown ether solutions is more re- 
active toward metallic copper, silver cyanide, and silver 
cyanate, than equal concentrations in a violet carbon 
disulfide solution. This signifies that the velocity of 
the reactions 


Cu + I, = Cul or AgCN + IL, = AgI + CNI 
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is affected by the solvent. The same is true of the re- 
action with AgCNO. 

Solutions of iodine in ether and in carbon disulfide 
also react quite differently toward calomel (Hg2Cly), 
which is not soluble in organic liquids. In both cases, 


iodine is consumed by the reaction 
Hg2Cle + I, = Hgl2 + HgCl, 


The formation of iodide, and consequently the dis- 
charge of the color, is almost instantaneous with the 
brown ether solution, while it is slow in the case of the 
violet carbon disulfide solution. The rapid reaction 
involves not only the activation of the iodine, through 
solvate formation, but the additional favoring cir- 
cumstance that both products of the reaction (Hgl2 
and HgCl:), are quite soluble in ether. Accordingly 
the reactive surface of the solid product is not coated 
by the iodide formed, as in the reactions of iodine with 
metallic copper or silver cyanate. The surface of the 
calomel always remains bare and hence susceptible to 
attack by the iodine. 

Procedure: Five milliliters of brown, one per cent 
solution of iodine in carbon disulfide are placed in a 
small test tube and five milliliters of violet, one per 
cent solution of iodine in ether are placed in a second 
tube. Strips of copper foil (1 X 2. cm.) are dropped into 
each of the solutions and shaken from time to time. 
After about 15 minutes the brown solution will have 
lost all its color and white CuzI2 will have been deposited 
on the copper foil. In contrast, the violet solution will 
be practically unchanged, and will not lose its color for 
several hours. 

The experiment is repeated with one gram of pow- 
dered copper in place of the foil. The brown solution 
is decolorized within one to two minutes, because of the 
extensive active surface. The violet solution requires 
about 20 minutes for the complete discharge of its 
color. 

Approximately equal quantities of freshly pre- 
cipitated and dried silver cyanide or silver cyanate are 
placed in adjacent depressions of a spot plate. One 
depression is then filled to the brim with the violet 
solution of iodine, the other with the brown solution. 
On stirring with a wooden splint, the brown solution 
in contact with AgCNO loses its color almost im- 
mediately, whereas the violet solution requires 24 
hours. When silver cyanide is used, the difference is 
not so striking: five minutes for the brown solution, 
10 minutes for the violet. 

The action of calomel with brown and violet iodine 
solutions can be compared as follows: one-gram por- 
tions of HgCl, are placed in two small test tubes. One 
portion is shaken with 5 ml. of the ether solution, the 
other with 5 ml. of the carbon disulfide solution. The 


brown ether solution loses its color completely in about 
10 seconds, whereas the violet solution apparently re- 
mains unchanged. The latter requires about two min- 
utes of shaking before the iodine is consumed. 

17. Differences in the Activity of Sulfur in Organic 
Solvents. 


Sulfur dissolves to different extents in 
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The best solvent is carbon 


various organic liquids. 
disulfide, which at room temperature dissolves all 
crystalline modifications of sulfur to about 30 per cent. 


It has no action on amorphous sulfur. On the other 
hand, all forms of sulfur are soluble in pyridine, but 
only to the extent of about 2.5 per cent at room tem- 
perature. The solubility of sulfur in other organic 
solvents is seldom more than this. Sulfur dissolved 
in organic liquids forms sulfides with some metals; 
mercury, in particular, reacts very quickly. Accord- 
ingly, dissolved sulfur reacts similarly, although far 
more slowly, than sulfur vapor or-molten sulfur. It is 
remarkable that despite the high solubility of sulfur 
in carbon disulfide, its activity toward silver is con- 
siderably less than when dissolved in pyridine. Con- 
sequently, the addition reaction of dissolved sulfur 
on metallic silver (2Ag + S = AgsS) does not depend 
upon the quantity of sulfur in solution. The solvent 
has a definite influence on the rate of formation of sul- 
fide. 

Solutions of sulfur in other organic liquids, when 
tested at the respective boiling points and allowed 
to react for five minutes behave as follows: carbon 
tetrachloride (76°C.) and ether (34°C.) act like carbon 
disulfide (46°C.); benzene (80°C.) and toluene (111°C.) 
act like pyridine (115°C.) solutions. In considering 
the behavior of CCl, solutions, it is probable that some- 
thing besides a heat effect is involved in the action of 
the benzene and toluene solutions. The nature of the 
solvent seems also to play a part in the formation of 
silver sulfide. This is clearly indicated when saturated 
solutions of sulfur in benzene and thiophene are 
allowed to react on metallic silver at 40°C. Within 10 
minutes the surface of the silver is completely covered 
with AgoS in the case of the thiophene solution, whereas 
no change is visible with the benzene solution. 

Procedure: Three milliliters of saturated pyridine 
and carbon disulfide solutions of sulfur are placed in 
separate test tubes. Pieces of silver foil (0.5 X 1 
cm.) are placed in each and shaken occasionally. The 
silver in the pyridine solution will show a light brown 
color within five minutes, while the metal in the carbon 
disulfide solution shows no change for a long time. 
At room temperature a very slight deposit of AgoS 
appears only after 24 hours in the CS, solution. In 
the same period, the foil in the pyridine solution turns 
completely black. 

If the experiment is repeated, with the test tubes 
in water at 35°C., the silver in the pyridine solution 
will be perfectly black within 30 minutes, but no change 
will be observed on the metal immersed in the carbon 
disulfide solution. 

The activity of sulfur dissolved in benzene and in 
thiophene may be compared by carrying out the tests 
in tubes kept in warm water at 40°C. The sulfide 
forination in the thiophene solution requires about 10 
minutes. At room temperature, a formation of sulfide 

can be seen in the benzene solution after about 12 
hours. Consequently, the solvent is a definite factor 
in determining the rate at which Ag,S is formed. 








Calcium Carbonate to Quicklime 


ERNEST B. WILSON 
Forest Hills High School, Forest Hills, Long Island 


OWDER ten or fifteen grams of marble chips in an 

iron mortar. Place half of the powdered limestone 
in an iron crucible. Cover the crucible with a lid in 
which a hole two or three millimeters in diameter has 
been punched or drilled. Heat the crucible strongly 
with a large burner. 
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APPARATUS USED FOR CONVERSION OF CALCIUM CARBONATE TO 
QUICKLIME 











Prepare a siphon by connecting a short rubber tube 
to a right-angle glass bend. The siphon may be 
constructed of metal or entirely of glass. However, 


the rubber tubing makes the device more flexible and 
the glass bend does not heat as rapidly as metal. 

Lead carbon dioxide (see accompanying sketch) 
into one of two four-ounce gas bottles containing two 
or three centimeters of limewater until the limewater 
begins to turn cloudy. A precipitate becomes visible 
after two or three minutes. Shake the bottle to dis- 
solve more of the carbon dioxide collected above the 
limewater. Present both bottles to the class for com- 
parison. The bottle in which carbon dioxide was col- 
lected will be milky while the one exposed only to the 
air will be unchanged. 

Some surprise may be expressed because the carbon 
dioxide can be collected from an unsealed crucible in 
the above procedure. It may be explained on the 
premise that hot carbon dioxide rises up the short 
side of the siphon as it does in a hot chimney and that 
it cools and drops down the long side because of density 
greater than air. Collection of gas will cease if the 
end of the rubber tube is permitted to dip into the 
limewater. 

Fill two five-hundred-milliliter beakers with water 
and add five to ten milliliters of litmus solution that 
has been made distinctly acid with a drop or two of 
acetic acid. Pour the unheated half of limestone 
powder into one beaker. The litmus remains un- 
changed. 

After heating has continued for about five minutes, 
pour the contents of the crucible into the second 
beaker. The litmus immediately turns blue. The 
concentration of the litmus solution used should be ad- 
justed so that an appreciable contrast is evident in the 
two beakers. 

This demonstration of the decomposition of calcium 
carbonate is unusual because tests are made for both 
products. The simplicity of the apparatus and the 
short time required, less than ten minutes, will appeal 
to high-school teachers. Also, the demonstration 
may be used as a student experiment when enough 
large burners are available. 


Did You Know Your Periodic Table? 


Here is the answer to the ‘“‘test”’ given in last month’s issue on page 222. 


Group: I II III IV V_ VI VII VIII 

Series 1 F x 
2 P L D U M A V B 
3 S ‘hy Z N Cc Q O E 
4 I H R G Y K W 


Element: A BCDEFGH IK LM 
At. No.: 81015 518 1 22 2019 24 4 7 
Element: NO PQRSTUVWXY Z 
At. No.: 1417 3 16 211112 6 925 2 23 13 
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A Simple Apparatus for 





Experiments in Electrochemistry 


OTTO F. STEINBACH 
City College of New York, New York 


HE apparatus which is described here is a modi- 

fication of the Hoffman apparatus, and has been 
found to be very satisfactory for individual student 
experiments in electrochemistry. It is easily con- 
verted from one use to another, a variety of different 
electrodes can be used, and it is readily cleaned. It 
may be used for experiments on primary cells, electroly- 
sis, conductivity, and even for cataphoresis. 

The apparatus can be made from pyrex test tubes or 
from 12- to 15-mm. stock tubing by anyone with an 
elementary knowledge of glass blowing. The design 
and approximate dimensions are shown in the ac- 
companying figure, which incidentally illustrates the 
setup for determining the relative volumes of hydrogen 
and oxygen formed by the electrolysis of water. 

When this apparatus is used to house a primary cell 
and it is desirable to keep the anolyte and catholyte 
from mixing, a plug of cotton or glass wool can be in- 
serted into the connecting tube. The two solutions 
should be poured into the side arms almost simultane- 
ously to ayoid hydrostatic seepage through the plug. 
The plug can later be removed by blowing into the 
emptied H tube. 

The apparatus is most convenient for studying the 
chemical and physical effects produced during elec- 
trolysis. When solutions of chlorides or bromides are 
electrolyzed, the odor of free halogen can readily be 
detected and a good test for the latter can be obtained 
with starch iodide paper held above the anolyte. 
When sodium chloride is electrolyzed using graphite 
electrodes, good tests for hydrogen, chlorine, and 
sodium hydroxide are obtained. A cotton plug may 
be inserted to prevent undue diffusion of catholyte and 
anolyte and will serve to draw a closer analogy to the 
function of the asbestos diaphragm in the Nelson 
cell. The setup provides a satisfactory illustration of 
the reactions taking place in the Nelson cell or similar 
type cell used for the manufacture of sodium hydroxide. 
The side arms may be loosely stoppered to prevent 
diffusion of gaseous products. 

The electrolysis of copper bromide solution with 
graphite electrodes provides an excellent experiment. 
The average student obtains a good test for free 
bromine and observes the plating out of copper as well 
as the change in concentration around the cathode as 
cupric ions are removed from the solution. 

The electrolysis of water gives some very interesting 
results which can be made semiquantitative. The 
student can arrange the apparatus to determine the 
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ratio of hydrogen to oxygen as illustrated in Figure 1. 
A delivery tube, connected to the top of each limb, 
permits the collection of gas by displacement of water. 
Using a graphite cathode and a platinum wire anode, 
the electrolysis of a 10 per cent solution of sulfuric acid 
will produce a full 30-ml. test tube of hydrogen in about 
five minutes. Meanwhile, approximately half this 
amount of oxygen is obtained. It is quite obvious that 
the volume of oxygen obtained is less than half that of 
the hydrogen obtained. The reason for this discrep- 
ancy is due in part to the greater solubility of oxygen 
in water than hydrogen, and in part to the formation 
of persulfuric acid and ozone. The odor of ozone is 
distinct and may be detected by its effect on starch 
iodide paper. The formation of ozone may be ex- 
pected when the current density is high. It probably 
results from the decomposition of persulfate ion which 
is formed by the electrolysis of disulfate and sulfate 
ions. This is a good illustration of several different 
electrode reactions taking place simultaneously. It 
suggests a reason why sodium hydroxide is used as the 
electrolyte in the commercial electrolysis of water when 
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hydrogen and oxygen are the desired products. When 
a 10 per cent solution of sodium hydroxide is used as the 
electrolyte instead of sulfuric acid, the ratio of the 
volumes of hydrogen to oxygen is nearer to 2:1. In 
any case, more accurate results are obtained if the 
solution is electrolyzed for about a minute before col- 
lecting the gases. This will saturate the catholyte 
and anolyte with hydrogen and oxygen, respectively. 

If a graphite anode is substituted for the one of 
platinum, the volume of oxygen obtained is con- 
siderably less than half that of the hydrogen when 
sulfuric acid is used as the electrolyte, and the student 
cannot help but wonder what causes the discrepancy. 
The reason is that a considerable amount of the oxygen 
produced is consumed in oxidizing the graphite anode 
to carbon dioxide. The attention of the student can 
then be drawn to the analogous process that takes place 
in the Hall process for the manufacture of aluminum. 
Using sodium hydroxide as the electrolyte in place of 
sulfuric acid, oxygen and sodium carbonate are pro- 
duced in the anolyte and the latter can be detected by 
withdrawing a portion and adding hydrochloric acid. 

If it is desired only to identify the hydrogen and 
oxygen, tests for these gases may be made directly in 
the limbs of the apparatus by loosely stoppering them 
and allowing the electrolysis to proceed for a few 
minutes before inserting glowing or burning splints 
directly in the limbs. The presence of ozone may 
be shown by. its odor and the starch iodide paper 
test. 

The physical effects of an electrical current can read- 
ily be ascertained by the student. The most notice- 
able is the heating effect due to the ohmic resistance 
of the electrolyte. The attention of the student can 
be drawn to the fact that both Ohm’s law and Joule’s 
law apply to electrolytic solutions as well as metallic 
conductors, and the student is thus led to consider 
the similarity and difference between metallic and 
electrolytic conduction. 


e A major industrial revolution in the United States 
is affecting most of the peoples of the earth, according 
to the 1943 Chemical Industry Survey. The revolu- 
tion in American chemistry owes its coming-of-age to 
war, yet seems destined to be a most powerful force for 
enduring peace. It is rich in promise of better things 
to come. 

Copies of the 55-page survey containing much in- 
teresting information can be obtained from its publish- 
ers, Merill Lynch, Pierce, Fenner, and Beane, 70 Pine 
Street, New York City. It presents analyses of 35 of 
the leading companies in the chemical industry, touches 
upon the history of chemistry in America from the 
early days, points out the strong growth trend of sales 
and earnings, the excellent dividend record, and the 
clearly defined longer range growth prospects stemming 


JouRNAL OF CHEMICAL EpucaTION 


When a flow of electrons takes place in a metallic 
conductor, a magnetic field is set up at right angles to 
the direction of flow. In a similar fashion, the migra- 
tion of positive and negative ions also sets up a mag- 
netic field. This effect, discovered by Oersted, can 
be demonstrated with a small compass. Place the 
compass on the table and hold one of the lead wires 
directly over it so as to be parallel to the needle. 
Upon completing the circuit, the needle is deflected. 
Placing the compass over the wire reverses the direction 
of deflection as well as does reversing the current. To 
show moving ions, create a magnetic field, place the 
compass on the horizontal limb of the H tube and orient 
the tube so that it is parallel to the needle, that is, it is 
parallel to the earth’s magnetic field. Upon completing 
the circuit the needle deflects. Likewise, holding the 
compass on the under side reverses the deflection as 
does reversing the current. It may be pointed out that 
the magnetic fields established by both the moving 
positive and negative ions are in the same direction. 

The apparatus also serves nicely for qualitative 
observations of relative conductivity, as the volume of 
the apparatus is small and it is easily rinsed out and the 
electrodes are fixed. The distinction between strong 
and weak electrolytes and non-electrolytes can easily 
be demonstrated, using suitable solutions. The rela- 
tion of ionic concentratibn to conductivity can be 
shown by starting with water in the H tube and adding 
small amounts of electrolyte in separate portions. 

Finally, the apparatus can be used in cataphoresis 
experiments in order to determine the sign of the 
charge of the colloidal particle. Good results were 
obtained with a colloidal electrolyte such as basic 
fuchsin, and with the sols of hydrous ferric oxide and 
arsenious sulfide. Electro-osmosis was observed in- 
cidentally during the experiment with basic fuchsin. 

The author wishes to thank Professor R. A. Baker 
for his many suggestions and for his kindness in con- 
structing a variety of H tubes. 


from the industry’s continued emphasis on research. 

The future of the chemical industry is described as 
vast and exciting. There are few aspects of daily life 
that it will not touch and enrich as new and amazing 
textiles, plastics whose versatility will change current 
concepts of automobiles, unbreakable glass, nonburn- 
able wood, medicines which will seem miraculous, and 
many other remarkable things are made available to 
everyone through chemistry in the post-war era. 
Even food—its appearance, taste, merchandising— 
will be changed for the better by chemistry. 

The survey points out that the chemical industry is 
an essential one, a “‘must”’ for peace as well as for war; 
that there is little doubt that at the end of the war, the 
chemical industry will be one of the nation’s basic in- 
dustries—the leader of a new era of progress. 














fro 


















HIGH-SCHOOL CHEMISTRY 


The Chemistry of Fire 


FRANK ZSOLDOS and FRANK BRAKO 
William Cullen Bryant High School, Long Island City, New York 


FOREWORD 
Ida B. Routh, Sponsor 


HE following paper was independently planned, 

written, and presented by twe high school seniors, 
members of the William Cullen Bryant High School 
Chemistry Club. Both boys completed the regular 
course in inorganic chemistry, and made Honors 
in the Regents Examination a year ago. Since that 
time they have been active members of the Club. They 
have a home laboratory in which they have worked 
steadily on a series of experiments. One such set of 
experiments dealt with the extraction of indicators 
from flower petals and leaves. Another set studied 
the reactions of chromium and cobalt compounds. 

This paper is offered as evidence that a boy with no 
more than high-school training is prepared to continue 
his interests in chemistry along productive lines. It 
is also presented as a plea for the high schoo] chemistry 
club as a means of affording direction to interests al- 
ready specialized, and opportunity for training in 
search of literature, arrangement of material, and dem- 
onstration to an audience. 

It is strongly felt that the present time gives extra- 
ordinary weight to the importance of scientific training 
in the high school, and that the clubs must fulfill a 
particularly valuable destiny in the transition between 
the syllabus-crowded classroom, and college or army 
life. 


PART I 


“A Dangerous Explosive’’ 

We will demonstrate an explosive which is dangerous 
to keep for any length of time. The compound is 
extremely sensitive, so much so that a paper ball 
dropped on it produces detonation. My assistant now 
places a minute quantity of the powder on the floor 
behind the desk (for your safety). In order to keep 
his distance he will place the ball of paper on the end of 
a meter stick, take aim, and drop it gently. 


(A paper milk container, closed, has been 
previously placed out of sight of the audience 
on the floor. As he drops the paper ball, he 
brings his foot down hard on the container, 
which bursts with a loud report. He then holds 
up the container to the startled audience.) 


We have presented this little joke to awaken you 
from the daze in which a hard day of school may have 


305 


left you, but do not be disappointed, for we have real 
explosives prepared for you later in the demonstration. 


Oxidation of Alcohol 

Our title is really ‘“The Chemistry of Oxidation.’’- 
The term “‘fire’’ suggests flame and heat, but by oxida- 
tion we really mean loss of electrons. All matter is 
made up of atoms, which, in turn, are composed of 
protons and electrons. The electrons are grouped 
in rings around the nucleus, and there is nearly always 
an incomplete outer ring. Metals which have no more 
than three outer electrons tend to give them up to a 
nonmetal which uses them to complete its own outer 
ring. Whenever an element thus gives up its electrons 
it is oxidized. 

On the slate top of the desk before you is a sheet of 
flame from burning alcohol. Other chemicals have 
been added to give it color. On the blackboard we 
have placed an atomic diagram of a molecule of al- 
cohol. Carbon atoms share electrons with each other. 
Hydrogen atoms donate electrons. An oxygen, with 
hydrogen attached, shares a pair of electrons with 
carbon. On oxidation, additional oxygen atoms at- 
tach themselves to the parts of the broken alcohol 
molecules. Each new oxygen requires electrons, which 
are contributed by the carbon and hydrogen. 


(The alcohol flame is colored by adding a 
little boric acid. To heighten the effect, the 
room is darkened.) zi 


Another method of oxidizing alcohol is to burn it in 
water, but we all know that water will not oxidize the 
alcohol, and many think that it is impossible to pro- 
mote the combustion under water. We will do it by 
using a compound rich in oxygen, such as potassium 
dichromate. My assistant is heating a solution which 
contains the alcohol, water, potassium dichromate, and 
sulfuric acid. The orange color is due to the dichro- 
mate. 

In order to get the oxygen out of the oxidizing 
agent, sulfuric acid is used to liberate chromic acid. 
This is unstable in the presence of oxidizable substances, 
such as alcohol, and decomposes, giving off oxygen. 
Chromic oxide, a reduction product of the reaction, 
combines with the excess acid to form green chromic 
sulfate. The oxygen meanwhile oxidizes the alcohol, 
but the oxidation is not complete, acetaldehyde being 
the end product. The color change from orange to 
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green is evidence of the reaction, and the equation of 
the reaction is on the blackboard. 


(A little ethyl alcohol is added to a dilute 
solution of potassium dichromate. Dilute sul- 
furic acid is then added and the mixture heated.) 


K.Cr20, 4+ 4H.SO, —> K2SO, + Cro(SO.)3 + 4H.O oe (30) 
(30) + 3C:H;OH —» 3C:H,O (acetaldehyde) + 3H,0 


Oxidation of Sulfur 

Simple elements such as sulfur can be readily oxi- 
dized, but instead of burning it in air we will use an 
oxidizing agent, sodium peroxide. To obtain the 
oxygen from the compound, water is added to the 
sodium peroxide and sulfur mixture. The sodium 
peroxide reacts with the water to form sodium hydrox- 
ide and oxygen. Each atom of oxygen thus liberated 
is in search of two electrons to complete its outer ring. 

The oxygen therefore immediately combines with 
the sulfur which shares its electrons, two of them, with 
the oxygen. And the oxygen lends or shares two of its 
electrons with the sulfur. The final product is sulfur 
dioxide, and the sulfur has lost or shared four electrons 
and has thus been oxidized. My assistant will now 
add water to the mixture of sulfur and sodium peroxide. 


(Diagram is placed on the blackboard. The 
reaction gives a satisfying flare and fumes of 
SO... Use small quantities on this account.) 


The remaining electron of the sulfur can be oxidized 
with a little difficulty, but we will not carry the oxida- 
tion further. 


PART II 


Oxidation with Potassium Nitrate 

All the previous experiments have demonstrated a 
rather slow oxidation, or to be exact, the electrons were 
removed slowly. If the electrons were taken away 
more rapidly, a more vivid combustion would result. 
In order to accomplish this, the demonstrator has 
melted a strong oxidizing agent, potassium nitrate, in 
the beaker. The nitrate will afford a concentrated 
source of oxygen, and he will now drop some sulfur 
into the beaker. 


(Upon addition of the sulfur, the contents 
of the beaker glow vividly, then violet and blue 
flames flare up. Darken the room.) 


You can see that the oxidation is very rapid. Carbon 
can be likewise oxidized, and my assistant will now add 
powdered carbon to the nitrate. 


(Addition of powdered carbon produces a 
strange orange glow, while multitudes of golden 
sparks rise three or four feet into the air. Darken 
the room for the effect.) 


We will now repeat the experiment using bits of 
paper and of wood. The oxidation of paper and wood 
is similar in its mechanics to that of alcohol. 


JouRNAL OF CHEMICAL EDUCATION 


(The particles of wood and paper skim across 
the surface, burning vividly.) 


Oxidation of Glycerin 

You have now seen the oxidation of alcohol, sulfur, 
paper, and wood, all of which burn readily. But many 
substances which do not burn readily can be burned 
with the evolution of light, heat, and flame. Such a 
substance is glycerin, and in order to burn it we will 
use potassium permanganate, a powerful oxidizing agent. 
A pinch of powdered permanganate has been placed on 
the stone slab, and we now add a few drops of glycerin. 


(Wisps of smoke rise and the mixture froths 
and bubbles. Soon a sheet of flame rises from 
the mass.) 


Oxidation of the Human Hand 


I need a little aid in the next experiment. Would a 
member of the audience kindly step up? 

In the preceding experiment, we demonstrated the 
power of potassium permanganate in oxidizing glycerin. 
It also oxidizes other substances just as energetically— 
for instance, the human hand. I will oxidize the hand 
of this volunteer, but I am sure he wants his hand for 
future use so we will use a solution instead of the 
powder itself. Some of this solution is now poured 
into the palm of our volunteer. The potassium per- 
manganate will decompose in the presence of organic 
matter and give up its oxygen, which will oxidize the 
skin. Our guinea pig will now wash off the excess per- 
manganate, and exhibit his hand. 


(A large brown stain appears.) 


Burning of Carbon, Aluminum, and Iron 

All of the experiments thus far performed have illus- 
trated the loss of electrons to oxygen itself. We shall 
now use other chemicals, such as sodium hydroxide 
and iodine, and metals will be substituted for the non- 
metals used. But first we will oxidize carbon, which is 
neither metal nor nonmetal. 


(The assistant feeds powdered charcoal to the 
Bunsen flame with a spoon in such a way as to 
supply a slow steady stream. Sparks fly. The 
room should be darkened.) 


Notice the height reached by the flaming sparks. 
Now we shall burn aluminum. Aluminum has three 
excess electrons which it easily loses, and thus burns 
with a brilliant flash of light. 


Oxidation of Ferrous Iron 

It has already been mentioned that sulfur dioxide 
can be further oxidized to sulfur trioxide. We shall 
likewise oxidize an iron compound. Iron may be in- 
completely oxidized by chlorine to ferrous chloride, and 
we have a solution of that compound. We shall 
complete the oxidation by adding oxygen through the 
compound ‘hydrogen peroxide. We have placed some 
potassium sulfocyanate in the solution to register the 
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formation of any ferric chloride by development of a 
deep red color. 


Oxidation of Aluminum 

We will now oxidize aluminum with sodium hydrox- 
ide. The demonstrator is heating the aluminum with 
sodium hydroxide. The aluminum is oxidized and 
hydrogen is liberated. During the last war the 
warring powers made hydrogen this way for ba!loons, 
because of the ease of transporting the aluminum and 
lye. 

We can oxidize aluminum by using still another 
element, iodine. No heating is necessary to start the 
combustion. In fact, we will start it by adding a few 
drops of water in this large flask. 


(Equal parts of powdered aluminum and io- 
dine are placed in a large flask. When the few 
drops of water are added violet and brown fumes 
rush about the flask, along with flashes of flame. 
A four- or five-liter flask is most spectacular.) 


Those purple fumes you see are iodine vapor. If 
we wished, we could make use of them as the German 
spies did during the last war on messages written with 
water and a little starch. The iodine brought out the 
message by turning the starch blue. 


Oxidation in Use 

Oxidation is vital to life. It has a double role, for 
it gives man life and even kills him in the form of ex- 
plosives or large fires. Another use is in the flare, which 
is a fuel plus*an oxidizing agent. The demonstrator 
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will light a simple flare composed of potassium chlorate, 
the oxidizer, and sulfur, the fuel. 


PART III 
Explosions 

As you have already noticed, we have planned our 
demonstration in three parts, starting with mild oxida- 
tion, continuing with fairly rapid oxidations, and now 
advancing to very rapid oxidations, or explosions. 
We have shown you a flare using potassium chlorate 
and sulfur. That same mixture can be extremely ex- 
plosive if ignited in a confined space. It would be 
inconvenient and unwise to lock it up in a container, 
so we will strike the mixture with a hammer. The 
blow will detonate the mixture, the gases produced will 
be confined between the hammer and the stone desk, 
and an explosion results. The demonstrator will now 
strike it. 

Another interesting explosion can be produced with 
ether. We will demonstrate this by placing a little 
ether in a gallon can with two holes in the top. The 
ether will volatilize and mix with the air in the can. 
This causes a large surface of the ether to be in contact 
with the oxygen and all the ether can burn at once. 
Large volumes of gases are thus produced in an instant. 
These gases are prevented from escaping by the can, 
and an explosion results. The demonstrator puts the 
ether in the can. He is careful not to leave a trail of 
ether vapor from the can to the container, for if that 
heavy trail were ignited, we might not live to tell of it. 
At the end of two minutes he will bring a flame over 
one of the holes, using a long taper. An explosion 
results! 


Courses in the Navy College Training Program 


The following statement has been issued by the Bu- 
reau of Navy Personnel: 

The chemistry courses of the Navy College Training 
Program are five in number and conform rather closely 
to the conventional courses in the areas covered. 

Two beginning courses are offered, one for pre- 
medical and pre-dental students and a second for deck 
officer, engineer (general), engineer specialist, civil en- 
gineer corps, and construction corps candidates. The 
first course extends through two terms of 16 weeks each 
and calls for four periods per week, three lecture recita- 
tion periods and one 3-hour laboratory period. The 
ground to be covered is fundamental principles of gen- 
eral inorganic chemistry and application, non-metallic 
elements and their principle compounds, chemistry of 
metals, and introduction to qualitative analysis. 

The second course extends over one and one-half 
terms, and is a compressed version of the first. Within 
the time available the same ground will be covered, but 
less intensively. 





The pre-medical and pre-dental candidates, in addi- 
tion to the beginning course, will enroll in one term of 
quantitative analysis (two lecture-recitation periods 
and two laboratory periods per week) and two terms of 
organic chemistry with a like number of periods per 
week. 

The beginning course for pre-medics and pre-dentals 
is given during the first 32 weeks of the program, while 
the second course comes in the third and fourth terms, 
or the second year. 

The second course is followed in the last half of the 
fourth term by Engineering Materials—a study of the 
manufacture and properties of ferrous and non-ferrous 
alloys, cements, clay products, protective coatings, 
fuels, and water softening. The laboratory work will 
illustrate the effects of mechanical working, heat treat- 
ing, and welding on the microstructive and physical 
properties of carbon and alloy constructional and tool 
steels, proportioning of concrete, and physical charac- 
teristics and properties of wood. 
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of CHEMISTRY TEACHERS 


The Scientific Method 
as Applied to Different Fields of Education 


SISTER M. CONSILIA HANNAN 
Saint Joseph College, West Hartford, Connecticut 


E ARE ALL seeking truth. Philosophers say 
W ve can find truth, but it is hard work. Truth 
should be sought in every possible way and one of the 
ways is by study. Study develops man’s intellect, the 
most human part of him, and gives him a deeper and 
fuller sense of the dignity of the human person. This 
development of man in the wholeness of his natural 
and supernatural being demands that man make the 
most of his powers—his creative energies, his life of 
reason; it demands that he labor to make the forces 
of nature his instruments for freedom, and finally that 
he learn to share the life of God. 

Striking evidence of such growth is not found in 
society today. Instances of unhealthy mental con- 
ditions abound. Honesty and integrity are not con- 
spicuous—rather, is the art of lying displayed on our 
billboards and in our newspapers and magazines. A 
study of propaganda furnishes many more examples 
of dishonesty and falsehood. Our rulers, legislators, 
business men, professors, philosophers, and scientists 
should give evidence of a persistent urge for the truth. 
Instead, ignorance and a prejudice which begets ignor- 
ance are far too widespread. 

We are told this is a scientific age, that science is to 
blame for the world of today, that it has implemented 
the war either consciously or unconsciously. True 
it has supplied the materials, but not the ‘‘will to kill,” 
unless it be by a sin of omission. As an educational 
tool the scientific method has not been used to its fullest 
extent and this failure to “get it across” to the majority 
of the students passing through schools and colleges 
today may be the sin of omission and may be a reason 
why the country as a whole is not looking forward to 
sitting around a ‘“‘peace table’ with any measure of 
assurance that all will be well. 

The main contribution of science in this crisis is not 





1 Abstract of a paper presented at the 220th meeting of the 
NEACT at Hillyer Junior College, Hartford, Conn., March 6, 
1943. 


the practical applications, the industrial and technolog- 
ical products of the various laboratories, important 
as these are, but the sceintific method and the scientific 
attitude, which should permeate every field of en- 
deavor. Truth is conformity of ideas with reality. 
And what is the scientific method but a method of 
deriving ideas from reality and a constant checking 
of ideas with reality? First, one must find a problem 
to be solved, define its terms, limit its scope so that 
extraneous factors are under control, and proceed 
with accurate observations and classification of facts. 
Second, a process of analysis, discrimination, finding 
relationships, and reasoning validly leads to the or- 
ganization and formulation of an explanation or a 
theory. Third, there is careful experimentation to 
check the.truth or falsity of the generalizations, and 
fourth, the theory is confirmed or rejected. 

Such a scientific method applied consistently to 
everyday life would demand another way of living, 
an honest facing of the facts, a substitution of reason 
for emotion, freedom from domination of fear, ig- 
norance, prejudice, and superstition. The application 
of this method to daily life would further demand a 
realistic type of thinking which requires effort to dis- 
tinguish truth from error, evidence from opinion, and 
requires also the suspension of judgment until facts 
are known. Thus, problems would be recognized, 
faced, and solved. 

The scientific method as a tool was never meant to be 
the sole possession of the science department. Answers 
to a questionnaire given to members of a college faculty 
showed that it can be and has been used in every de- 
partment. 

In an organic chemistry class of eight in the second 
term of the course, the laboratory manual was scrapped. 
The class wanted to synthesize rubber. They didn’t 
come out with a rubber tire, but with something much 
more valuable. They had to plan each step, consider 
the possibility of carrying it out, the time, the chem- 
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All this developed re- 
They 
learned to use the library in searching for and com- 
paring methods. They used many types of apparatus. 
They saw processes (distillation, extraction, etc.) in 


icals on hand, and the cost. 
sponsibility, initiative, and resourcefulness. 


their proper perspective as means, not ends. They 
discovered how careless following of procedures, even 
in apparently insignificant details, could effect a 
yield. Besides the rubber project, these students 
were allowed to choose the other experiments for the 
term. It was noted that they chose about the same 
type of experiments as would have been outlined for 
the course and in most cases they were chosen from 
the text (not the manual) because, from the discussion 
there, they had become interested and wanted to do the 
experiment. They did not do as many experiments but 
carried through longer and much more difficult work, 
and learned much more chemistry. Here are some 
of the students’ comments: “I liked it because you 
were on your own—shows what we can do without 
specific directions.” “You have no interest in what 
yields the others are getting, as in experiments from 
the manual. It is more fun and interest makes you do 
your work better.” 

Next is an illustration of how a teacher of history 
applies the scientific method: (1) By getting students 
to go to first sources. For example, the ancient 
history class read Thucydides, Herodotus, and Xeno- 
phon. The American History class used documents, 
such as Force’s Archives. They visited legislative 
sessions and hearings. The Contemporary Affairs class 
read ‘‘Mein Kampf” and the ‘““Communist Manifesto.” 
(2) By teaching students to see all possible sides of a 
question. The American government class conducted 
weekly forums prepared and presented on current 
topics. (3) By facing facts. Attention was given to 
rationalization, wishful thinking, and oversimplifica- 
tion. (4) By requiring specific information and 
definite knowledge. Basis for statements, evidence, 
arguments, and rebuttals must be supplied. (5) By 
analysis of propaganda found in newspapers, on the 
radio, and in the movies. (6) By developing critical 
attitudes. Students were asked and wanted to choose 
their text from four texts presented. Each one was 
required to state the standards upon which her in- 
dependent choice was based. The choice of the ma- 
jority was adopted. 

Last year in biochemistry, a term paper on some 
phase of blood chemistry was assigned. Two students 
asked to be allowed to substitute a laboratory study 
for the paper and presented eminently satisfactory 
scientific reports of the work. After an embryology 
course, a student brought back a dozen hen’s eggs to 
incubate so that she might follow the course of de- 
velopment of the young chick day by day. The 
experiment proceeded successfully through the dif- 
ferent stages but ended disastrously not once but 
twice. She set about solving the problem of her 
failure and is now about ready to repeat her project 
with various mechanical difficulties under better 
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control. This is not a class project or one which will 
add credits to her record, but is, for just that reason, 
a better indication of a truly scientific attitude on the 
part of the student. All these students took the at- 
titude that although a term paper as such is easier 
and more quickly done, a problem offers a challenge 
and its successful completion gives not only a sense 
of satisfaction but also the experience of an intellectual 
pleasure in a well-ordered, carefully thought out 
piece of work. 

The home economics department gave samples of 
home projects, chosen, carried to completion, and 
evaluated as examples of the scientific method used as 
completely as possible in such work. One student 
selected planning meals and marketing for one week. 
She had done this at home in Vermont before, but the 
problem was to do it in Florida where the family was 
living during the winter. An inventory of the food 
on hand was taken. After examining newspapers and 
magazines, and after careful inquiry to find the location 
of the markets and the best “‘buys,’’ the menus for 
the week were prepared and an efficient market plan 
outlined. Experiments were made with the menus 
and market plan and both were revised. The accounts 
were kept and there was a balance of about 30 per cent 
of the budget. The reason for this and for a departure 
from suggested division of expenditures was sought 
and found to be due to the location and the season of 
the year. 

In a course in statistics, the students were asked to 
find a problem in any one of their other courses (eco- 
nomics, business, sociology, science) in which they were 
interested and to apply the statistical methods learned 
in solving it. For example, from a paper entitled ‘A 
consideration of an equitable basis for representation 
of towns of the Lower House of the General Assembly 
of Connecticut” in which a statistical study of popula- 
tion, areas of towns, grand lists, and numbers of repre- 
sentatives of towns was made, the following conclusions 
were drawn: (1) Connecticut is an industrial state; 
(2) use of the grand list to determine economic im- 
portance of the towns as a basis of representation is 
inadequate and impractical; (3) a change in the present 
dual population-area method of determining representa- 
tion is needed; (4) population remains the best method 
of weighting the importance of the towns in determining 
representation. 

Child-study students enter the course with many 
subjective attitudes and prejudices concerning child 
growth and development. Where these can be dis- 
covered early in the course a student finds it possible 
to investigate such an attitude. One student who 
claimed to be without antisemitic antagonism declared 
she could determine Jewish backgrounds of nursery 
school children by a study of their behavior. She 
was assisted in the setting up of the problem and guided 
in the necessary techniques of observation and analysis. 
She failed to prove anything about the children, but 
she did discover her own prejudices. Her list of 
Jewish children showed she had classed as such all the 
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aggressive children and thus had included many who 
were not Jews and excluded the shy, retiring Jewish 
children. 

This assignment in introductory philosophy was 
used to further an understanding of the scientific 
method: ‘Use scientific method to prove or disprove 
the theory of the mechanistic materialist.” Term 
paper subjects were chosen to induce students to use 
scientific methods in collecting data. For instance, 
the term paper, ‘“My search for truth,’’ was to be 
the account of a day by day effort to reach truth by 
use of the scientific method. 

The most extended use of the scientific method in an 
English survey course of writers of the western world 
was in connection with the study of Aristotle’s theories 
in regard to tragedy as set forth in his ‘‘Poetics.”’ 
The first step was to abstract from the text of the 
‘Poetics’ the criteria Aristotle had established for 
tragedy. The chief plays of Aeschylus, Sophocles, 
and, to a lesser degree Euripides, which Aristotle had 
used as a basis for his generalizations, were then 
examined for evidence “‘in concreto.’’ The problem 
was now posed: to what degree has representative 
tragedy since Aristotle adhered to the criteria set 
forth by that philosopher? Beginning with the work 
of Seneca, and ending with the work of O’Neill, each 
student now chose outstanding examples of tragedy 
in all periods offering such examples, applied to each 
the criteria of Aristotle (and no other critical standards), 
noted carefully the correspondences, and departures, 
classified her findings and reasoning as validly as the 
evidence permitted, offered generalizations as to: (1) 
the degree to which post-Aristotelian tragedy has ad- 
hered to the criteria set forth in the ‘Poetics’; (2) the 
periods in the history of literature characterized by 
(a) the closest adherence, (0) the greatest departure; 
(3) the specific standards most frequently accepted as 
valid by the later generations; (4) any criterion univer- 
sally accepted. 

In a class of poetry the students are developing a 
fearlessness of appraisal, an intellectual approach 
to analysis, and other characteristics which belong 
to the scientific attitude. The whole matter of arous- 
ing and training the mind for critical work in literature 
can be seen to be completely consonant with the 
scientific method and, if successful, to produce the 
same desired results. 

This study of the scientific method at college level 
is not complete. Some departments where problems 
have been handled scientifically have not reported 
as yet. For example, sociology students do field work, 
make case studies, and at the beginning of their senior 
year choose a problem for investigation. The home 
economics department has not yet reported on the 
managing of a household for six weeks during senior 
year, nor on the many textile experiments, such as 
investigating the effects of different cleaning fluids, 
and nutrition experiments on white rats and guinea 
pigs. 

But enough has been shown to indicate that a great 
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deal can be done to foster growth in scientific method 
at college level and, from reports of the child study 
department, at secondary, elementary, and primary 
levels as well. A student making a study of how 
children think in the pre-school period of their lives 
compiled an interesting account of thought processes, 
the beginning of the scientific method. 

A three-and-a-half-year-old said to his teacher, 
“TI can walk faster than you.’”’ The teacher said she 
didn’t think he could although she believed he was a 
fast walker. After a few minutes play the child re- 
turned to the teacher saying, ‘Can you walk faster 
than a horse?’ The teacher said, ‘“‘No.” ‘Well, 
I can,”’ said the child, ‘‘so I can walk faster than you.” 

Again, a group of four-year-olds speculating on why 
the horses went into the barn every day at noon 
admitted generally that the horses went in to get gas. 
This isn’t so funny as it sounds. Is it not the dawning 
power of generalization in the child? 

As science teachers, we are interested in scientific 
growth and development in all departments and at 
all levels from the little one in the home to our college 
graduate who goes forth to influence and make the 
destiny of our country. We are interested in the 
perfection of society, in the laborious search for truth. 
But we must be more than interested. We cannot 
evade the responsibility for an inertia which fails 
“to do and to teach.’ We must abandon scientific 
aloofness. The world of today does not need most our 
material technology, it needs the spiritual values of 
science. If we could influence a few more to think 
intelligently, examine evidence critically, and check 
ideas with reality, then we would be educators “in 
deed and in truth.” 


OFFICIAL BUSINESS 
220th Meeting—March 6, 1943 
Hillyer Junior College 
Hartford, Connecticut 


The members of the Association enjoyed the 220th 
Meeting as guests of Hillyer Junior College, which is 
the education division of the Hartford Y. M. C. A. 
After a brief address of welcome by Alan S. Wilson, 
Director of Hillyer Junior College, the following 
papers were presented: ‘The scientific method as 
applied to all fields of education,” by Sister M. Consilia 
Hannan, St. Joseph College, West Hartford, Conn.; 
“Hydrochloric and sulfuric acids as catalysts in certain 
hydrolytic reactions,’ by Professor Vernon K. Krieble, 
Trinity College, Hartford, Conn.; ‘Aircraft fuels and 
lubricants,” by Mr. E. A. Ryder, Pratt and Whitney 
Aircraft, East Hartford, Conn.; and ‘‘Spectrophoto- 
metric analysis,’ by Dr. M. G. Burford, Wesleyan 
University, Middletown, Conn. 

At the brief business meeting, the Membership 
Committee announced the election of Mrs. H. F. 
Fenerty, Lincoln School, Providence, R. I., to active 
membership. 





RECENT BOOKS 


CoKE FORMATION PROCESS AND PHYSICO-CHEMICAL PROPERTIES 
oF Coats. W. Swietoslawski, Professor of Physical Chemistry 
at the Institute of Technology of Warsaw, Poland. Polish 
Institute of Arts and Sciences in America, Herald Square 
Press, New York, New York, 1942. viii + 145 pp. 16 X 
24.5cm. $3.50. 

The treatment of the subject matter in this monograph is 
unusual but welcome in coal technology and reflects the training 
and experience of the author in physical chemistry. To most 
Americans, familiarity with the work of Polish investigators is 
limited to abstracts, so that the present work has special signifi- 
cance in summarizing the results of the investigations carried 
out in the Coal Division of the Chemical Research Institute at 
Warsaw during the past twenty years. While individual Amer- 
ican coal technologists will undoubtedly take exception to some 
of the views expressed by the author on the various complex 
phenomena discussed, divergent opinion should lead to further 
research to clarify the issues. The present reviewer has found 
this book very suggestive of new problems for experimental 
investigation. The author has also included proposals for new 
methods of coke manufacture and for the production of semi- 
coke from coals not generally regarded as suitable for this pur- 
pose. The use of unusual phraseology and terminology should be 
pardoned generously in the case of one not writing in his native 
language, and particularly in this case where the new ideas 
presented adequately compensate the reader. 

H. H. Lowry 


CARNEGIE INSTITUTE OF TECHNOLOGY 
PITTSBURGH, PENNSYLVANIA 


Second Edition. 
x + 401 + xxiv pp. 


Tus CuHemicaL AGE. William Haynes. 
Alfred A. Knopf, New York City, 1942. 
18 figs. 2charts. 15 K 23cm. $3.50. 


One new chapter entitled, ‘“Chemicals on Active Service” 
has been added as the enlargement of the book “This Chemical 
Age” in the second edition, revised and enlarged. The short 
discussion of wood as a substitute for metals is a worth-while 


The revision consists of the correction of errors 
For review of first edition, 


addition. 
appearing in the earlier edition. 
see THIS JOURNAL, 19, 400 (1942). 

LEALLYN B. CLapp 


BROwN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


THE Foop You Eat, A PracticaL GUIDE TO HOME NUTRITION. 
Samuel and Violette Glasstone. University of Oklahoma Press, 
Norman, Oklahoma, 1943. 277 pp. 18 figs. 6 XK 9 cm. 
$2.25. 

A physical chemist and a plant physiologist-housekeeper have 
collaborated in writing this semipopular book on today’s most 
popular subject—nutrition. A general outline of the energy 
requirements of the body and a description of the digestive 
processes are given in a pleasant informative style. The es- 
sential constituents of a balanced diet are discussed in some 
detail with enough historical background to interest the lay 
reader in the development of our knowledge of nutrition. Menu 
planning is related to nutritive needs in a very practical way and 
a useful outline translates the recommendations of the National 
Research Council into terms of common foods. The advice on 
low cost diets is timely. 

The authors attempt to present both sides of controversial 
subjects. They succeed pretty well in avoiding the danger 
of approaching the faddist fringe—a feat which takes careful 
balancing in any popular book on foods. The physiological 
chemist may find some generalizations with which to disagree 
but on the whole this is an accurate presentation of good dietary 
practice. The book is attractively printed and bound. 

Marion Fay 


Woman’s MEpIcat COLLEGE OF PENNSYLVANIA 
PAILADELPHIA, PENNSYLVANIA 


OUTLINES OF PHYSICAL CHEMISTRY. By the late Frederick H. 
Getman and Farrington Daniels, Professor of Chemistry in the 
University of Wisconsin. Seventh Edition. John Wiley 
and Sons, Inc., New York, 1943. xii + 691 pp. 166 figs. 
15 X 22.7 cm. $3.75. 


The seventh edition of this well-known text, for which, after 
the death of the senior author, Dr. Daniels is solely responsible, 
appears under the new title of ‘‘physical’’ instead of “‘theoretical’”’ 
chemistry; and the familiar red binding has been replaced by 
a black cover with the title stamped on a blue-green background. 

The new edition, appearing six years after its predecessor, 
is vastly improved and the changes made and the rearrangement 
of the subject matter will, no doubt, meet with general ap- 
proval. Some chapters have been partly or wholly eliminated 
and the contents have been embodied in existing chapters or 
discussed under new headings. The sequence of topics has 
likewise undergone changes. After an introductory chapter 
on fundamental concepts, gases are discussed; then crystals 
followed by physical properties and molecular structure. The 
treatment of elementary thermodynamics has been enlarged 
and is discussed in three separate chapters entitled: Heat, 
Work, and Heat Capacity; Thermochemistry; Thermodynamics. 
This setup enables a full discussion of the chapters which follow, 
on liquids, solutions, solutions of nonvolatile solutes (including 
electrolytes), and colloids. 

Under chemical equilibria, both homogeneous and _ hetero- 
geneous equilibria are discussed. The phrase rule and its ap- 
plications take up a new chapter, Phase Diagrams, containing 
a number of new figures, some of which are incorrectly drawn 
(e. g., Fig. 87, h and z). This should also be said of the lattice 
diagrams for ZnS and Cu:O (p. 52, Fig. 21). One might wish 
that the author had eliminated the sulfur diagram, that hardy 
perennial which first appeared forty years ago in Findlay’s 
“Phase Rule’ and has since been copied by practically every 
author of a textbook on physical chemistry. This figure (p. 319) 
is sadly distorted, and becomes even more so when students 
reproduce it from memory! The lower triple point, O, has a 
pressure of less than 0.01 mm. and the upper triple point, C, 
a pressure of 1280 atm.! A more recent example, such as the 
H:O diagram at high pressures from Bridgman’s work might 
well have been substituted. 

Electrical conductance is followed by electromotive force 
and this in turn by ionic equilibria, where all possible applica- 
tions of the mass law to electrolytes are treated in a systematic 
way. The all-important relation between free energy and maxi- 
mum electric work is, unfortunately, still expressed as in the 
previous edition. In student papers or blackboard work this 
invariably becomes —AF = nFE where F means free energy 
and a Faraday at the same time and E£ is the same E that is used 
elsewhere for energy. The reviewer is strongly in favor «t the 
suggestion, repeatedly made, to represent the “Gibbs .-ee 
energy by G and designate the energy by U, as was done years 
ago. Perhaps some day chemists, physicists, and engineers will 
agree on using the same symbols. 

The remaining chapters, including the one on chemical thermo- 
dynamics, do not differ materially from the corresponding ones 
in the sixth edition. In spite of the inclusion of new material 
dealing with the electron microscope, chromatography, and 
polarography and more rigorous derivations of important 
equations, such as the relation between vapor pressure and 
osmotic pressure, the number of pages has increased only by 
thirty. This increase is largely due to the incorporation of 
numerous problems (the reviewer counted well over 100) worked 
out in detail. This admirable feature which distinguishes this 
edition from most of the current texbooks, and even from the 
previous edition (which contained barely a dozen solved problems) 
will be greatly appreciated by students and no less by their 
teachers, whose task will be considerably lightened. 


311 





512 


Last but not least, the physicochemical constants used through- 
out the text are brought up to date, the Avogadro constant, for 
example, being reduced from 6.06 to 6.023 X 107%. Altogether, 
the author and publishers are to be congratulated, particularly 
in these difficult times, with the successful completion of an 
outstanding, thoroughly teachable undergraduate textbook of 
physical chemistry. 

H. S. vAN KLOOSTER 


RENSSELAER POLYTECHNIC INSTITUTE 
Troy, New York 


GENERAL CHEMISTRY FOR COLLEGES. B. Smith Hopkins, 
Professor Emeritus of Inorganic Chemistry, University of 


Illinois. Third Edition. D. C. Heath and Company, 
New York, 1942. iv + 758 pp. 281 figs. 15.5 X 22.5 cm. 
$3.80. 


This third edition of Professor Hopkins’ well-known text 
“follows the same plan as its predecessors, although a few minor 
changes in order have been made”’ [cf. J. Cnem. Epuc., 15, 99 
(1938) and J. Am. Chem. Soc., 59, 2476 (1937)]. ‘‘These provide 
a sequence which will be more easily followed by the student.” 

The topical order of the thirty-eight chapters conforms closely 
to the usual conventional pattern of most of the well-known 
textbooks in general chemistry. ‘‘The Structure of Atoms” 
(chap. 2) is followed by ‘‘The Periodic System” (chap. 3). 
“Oxygen” (chap. 4) contains two excellent photographs showing 
the practical uses of the oxyacetylene torch and one photograph 
showing the oxygen helmet. More of such photographs would 
enhance the instructional value and attractiveness of this and 
other textbooks in general chemistry. ‘‘Measurements; Gas 
Laws; Kinetic Theory’ (chap. 5) presents the gas laws in the 
conventional form. A few problems worked out as illustrations 
would be helpful to students who have difficulty with this phase 
of the work. The reviewer is of the opinion that in a book of this 
scope it would be preferable to include a more complete arith- 
metical discussion of chemical calculations, rather than to refer 
the student to ‘‘Laboratory Exercises.” 

“Electrochemistry” (chap. 15) is followed by ‘Sodium; 
Acids, Bases, Salts; Ionization’ (chap. 16), which presents the 
subject of acids and bases according to the Brénsted theory. 
In this chapter, pH and “acid-base equilibria and neutralization 
in non-aqueous solvents”’ are also discussed. 

The explanation of oxidation and reduction reactions according 
to the traditional, partial equation method (cf. pp. 140 and 201) 
is likely to be questioned by some instructors. In a comprehen- 
sive text of this type, a statement of the ion electron or the elec- 
tron transfer mechanism would be helpful. 

In addition to the exercises and problems at the end of the 
chapters, there are exercises inserted after various paragraphs to 
assist the student in clarifying his ideas. Each chapter includes 
also an extensive list of references to the chemical literature, 
probably far more than the average class can use, at least in the 
larger institutions, where library space and time are at a premium. 

“‘An attempt has been made to call attention to some of the 
practical applications of chemistry in our complex modern life . . . 
Production data, especially for the metals, are as recent as can 
be obtained and are included to permit a comparative study of 
the relative importance of these materials which are now so 
vitally connected with national defense.” 

The clear, dignified style of the text together with the authori- 
tative background of its distinguished author commends the 
book to all instructors who desire a well-balanced book for use 
in regular, full year courses in general chemistry. 

A. J. CURRIER 


PENNSYLVANIA STATE COLLEGE 
STATE COLLEGE, PENNSYLVANIA 


FUNDAMENTAL ORGANIC CHEMISTRY. Ed. F. Degering, As- 
sociate Professor of Chemistry, Purdue University, and One 
Hundred Six Collaborators. First Edition. John §. Swift 
Company, Inc., Cincinnati, Ohio, 1942. x + 485 pp. 27 
figs. 15 X 22.7cm. $2.00. 


This textbook is divided into five parts: (I) a kaleidoscopic 
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survey of the entire field of organic chemistry (88 pp.), (II) the 
aliphatic series (275 pp.), (III) the alicyclic series (3 pp.), (IV) 
the aromatic series (88 pp.), (V) the heterocyclic series (7 pp.). 

The kaleidoscopic survey contains an introduction to homol- 
ogous series and graphic formulas. It includes some methods 
of preparation, a few typical reactions of various functional 
groups and some uses of important organic compounds. This 
survey also has a discussion of the theory of relative electro- 
negativity which the authors state, “isan attempt to systematize 
organic chemistry” and which ‘“‘is offered as a theoretical postu- 
late that may or may not be vindicated by experimental data.” 
The authors suggest that the kaleidoscopic survey may be 
presented at the beginning of the course, at the end of the course, 
or be omitted altogether. The reviewer is of the opinion that 
such a survey at the beginning of the course would overwhelm 
the average student, if he is expected to learn the formulas, 
names, methods of preparation, reactions, and electronic inter- 
pretations. If presented at the end of the course, it could serve 
as a review and also for the development of the theory of relative 
electronegativity, which, incidentally, is referred to only occasion- 
ally in the other parts of the book. Since this theory is offered 
as an attempt to systematize organic chemistry, presumably 
for the beginning student, it would be desirable to develop the 
theory in the early part of the book and then use it throughout 
the book in explaining some of the typical reactions of the various 
types of compounds. While the above represents the reviewer’s 
opinion, it should be noted that the authors recommend the use 
of the survey at the beginning of the course, this recommenda- 
tion being based on actual teaching experience. 

In the main portion of the book, the presentation of each 
topic follows the same orderly sequence of (A) occurrence, isom- 
erism, use, (B) nomenclature, (Ci) commercial methods of 
preparation, (C2) laboratory and special methods of synthesis, 
(D) physical properties, (£1) general reactions, (£2) special 
reactions. The book contains an abundance of material for a 
thoroughly good course in organic chemistry. In a number of 
instances, the authors specify the chemical company using a 
given commercial process. The nomenclature of organic com- 
pounds is excellent. The treatment of carbohydrates is ex- 
ceptionally thorough. A few typographical errors were ‘noted, 
which will doubtless be corrected in the next printing. 

J. Puitre Mason 


Boston UNIVERSITY 
Boston, MASSACHUSETTS 


AN OUTLINE OF ORGANIC CHEMISTRY. Ed. F. Degering, As- 


sociate Professor of Chemistry, Purdue University, and 
Ninety-six Assistant Editors. Fourth Edition. Barnes and 
Noble, Inc., New York, 1941. xvi + 386 pp. 1 fig. 138.5 X 


20.9 cm. $1.25. 

This well-known outline contains a reference table to sixteen 
standard textbooks to aid the student in correlating the ma- 
terial in the outline with that in the textbook. After a brief 
introduction there is a discussion of the electronic basis of 
valence (19 pp.). There are 146 pages allotted to aliphatic 
compounds, including a short chapter on foods, metabolism, and 
vitamins. Alicyclic compounds have three pages; aromatic com- 
pounds, 51 pages; and heterocyclic compounds, eight pages. After 
a discussion of pronunciation and nomenclature (11 pp.), there 
is a series of chapters on special topics: Antiseptics and Germi- 
cides; Dyes, Pigments, Stains and Indicators; Terpenes and 
Rubber; Synthetic Resins; Natural and Synthetic Fibers; 
Surface-Active Agents; Isomerism; Alkaloids; Processes, 
Reactions, Syntheses and Tests, including 258 named reactions 
and tests; and finally, The Reference Literature of Organic 
Chemistry. 

The three new chapters, Natural and Synthetic Resins, Sur- 
face-Active Agents, and The Reference Literature of Organic 
Chemistry, are well written and constitute a worth-while ad- 
dition to this outline. 

J. PHitip Mason 


Boston UNIVERSITY 
Boston, MASSACHUSETTS 
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Editors 


URELY the manpower problem must be as acute 

in Great Britain as it is in this country; never- 
theless, in some ways they are less frantic about it than 
we seem to be. A recent publication on The British 
Universities after Three Years of War brings out some 
comparisons between their situation and ours. Not- 
withstanding their great need for men in the armed 
forces, which must be fully as urgent as ours, they 
have seen fit to provide that prospective students of 
agriculture, biology, chemistry, engineering, geology, 
mathematics, naval architecture, and physics are 
eligible for deferment from military service if they 
are certified by an expert university board as of a 
standard likely to obtain a degree by the age of twenty- 
one. If regular reports are satisfactory they may con- 
tinue at the university, most of them for two years, 
and some for three, four, or five. Non-technical 
students are not, in general, eligible for deferment, 
but students in teacher-training colleges are per- 
mitted to complete their courses. 

We have recognized the value of British experience 
in war problems in a great many cases; this seems to 
be one we could well observe. It is a clear recognition 
of the principle that technical students can best serve 
their country by sticking to the thing for which they 
are best fitted. In this country, we have granted the 
principle only grudgingly, with the intimation that 
we may abandon it under public pressure. It remains 
to be seen whether our public is less enlightened than 
the British, with its vastly greater experience of war 
and its horrors. 

Everyone realizes that to win this war will require 
a ‘production army,’’ concerned with scientific and 
engineering research, development and production, 
as well as a “combat army,” including the Army, 
Navy, and Air Corps. The Army and Navy freely 
admit that they will not be up to maximum force and 
efficiency for another year; meantime they are in- 
ducting and training personnel. But each month we 
scan the production figures, looking for three per cent 
increase here, ten per cent there. We fondly hope 
that 1944 will show a hundred per cent increase all 
around. But how can it, if the production army is 
given no opportunity to induct and train new per- 
sonnel? Only a small slice of those otherwise fit for 
military service is asked; these are the young officers 
of the ‘‘production army,” whose training and natural 
gifts fit them for such positions. For the most part, 
the aged, the infirm, the military-unfits, and the 
women (God bless ’em!) will do. 


HERE is no news in the observation that the 
various Enlisted Reserve organizations have made 
serious raids upon our limited supplies of technical 
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students. Some professors, deans, and presidents 
have raised their voices in protest, generally mild, 
but for the most part the military authorities have 
been allowed to call the signals, with the result of a 
general pell-mell down the field to get across the line 
before the whistle blew. Some students are now 
beginning to recognize that they might have done 
better to cast in their lot with Selective Service, even 
with the uncertainty that this yet entails. 

We would not undertake the responsibility of de- 
ciding for a student what his form of national service 
should be, but if he is a chemist, for example, and 
wants to put his technical training and ability to use 
in the interest of war production, he must obviously 
stay out of the Reserves and trust Selective Service 
with his future. Perhaps it is just as well that this 
is not the path of least resistance. All the pressure 
on him will be to go into uniform with the crowd. It 
looks as though it will take more ‘“‘guts’’ to be a young 
officer in the production army than in the para- 
troopers. 


| fara teachers need a little consolation to uphold 
their faith. We found some the other day in a 
letter which an enlisted man in the Air Corps wrote 
home, in part as follows: 

“We are not fighting to kill men. We are fighting 
to preserve and extend. To preserve and extend 
—what? 

‘“‘The answer is at once so clear and so obvious that 
before I have time to give it a picture flashes on my 
mind. It is the depressing, the embarrassing picture 
of . . . three teachers apologizing for being teachers. 
They were apologizing for keeping alive that dream 
and reality of education, the enlightenment of man, 
which we in uniform cherish. 

“Let me not be unduly severe upon them, and upon 
all those in the teaching profession today who feel 
their duties inferior and humiliating and unworthy. 
Only in part is the fault theirs. It is natural that 
being loyal men and women they want to do their 
utmost for their country in time of war. It is easy 
to understand why they want to soldier when press, 
radio, and public opinion all unite on the loudly as- 
severated expression that soldiering is the American’s 
prime responsibility. Yet I can blame these men 
and women of education, or perspective and under- 
standing, for being of little faith. The teacher is a 
dedicated man. This world of ours will be saved 
or lost by the history of its education. It is my 
belief—those who take solace only from the word of a 
soldier should accept the sincerity of this—it is my 
deep belief. that the teacher, the professor, is the 
world’s most important person today. If he fails, 
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all else fails. If he surrenders his integrity, his faith, 
his duty, we soldiers have worked and many shall 
have died in vain.’ : 


O MANY of our teachers of chemistry, at all 
levels, have been drawn into the civilian gas de- 
fense movement that we feel we can be of service as a 
clearing house in this field. In publishing the article 
on Chemical Identification of War Gases in this issue 


"1 Jacoss, Bull. Am. Assoc. Univ. Prof., 29, 229 (1943). 


JOURNAL OF CHEMICAL EDUCATION 


we hope that we will attract comment and criticism 
which will lead to a wide exchange of ideas. The 
particular identification ‘‘kit’’ which is described, and 
the analytical methods used, are merely samples of 
what is being worked out in many places. While we 
cannot publish all this material we urgently solicit 
ideas and critical comment. This article, along with 
the papers from the Symposium on Civilian Prepared- 
ness for Chemical Warfare, will presently be available 
as a combined reprint. 


Whats Been Going On 


Spirits of Turpentine 


HE chemist can do wonders witli a little coal, air, and water, 

but he still prefers to find his chemicals half-made by nature 
when possible. The two greatest sources of ready-made organic 
chemical intermediates at present are coal tar, characterized by 
the ‘‘benzene”’ ring of six carbon atoms, and petroleum, composed 
principally of chains of carbon atoms. Another source which is 
now opening up to chemical modification is the terpenes, products 
of turpentine and pine oil. Here the basic chemical unit is iso- 
prene, a five-carbon-atom unit which occurs again and again in 
natural products, ranging from rubber to carotene, the precursor 
of vitamin A. A new terpene derivatives plant has recently 
started operations. 

Although an article of commerce long before either coal tar or 
petroleum, turpentine has never been an important chemical raw 
material, principally because of its high and widely fluctuating 
price, in part due to its greater usefulness as a solvent. Recent 
years, with increased production and substitute solvents, have 
brought a generally lower price ‘level, although at the lowest 
level of the past decade, 25 cents per gallon average in 1939, tur- 
pentine was priced far above either coal-tar light oils or corre- 
sponding petroleum fractions, each at less than ten cents per 
gallon. Because of the high raw material cost and the chemical 
similarity of turpentine to the essential oils of many plants, 
chemical modification has been generally in the direction of 
compounds useful as perfume ingredients or other high-value 
biologically active materials. Recently, however, compara- 
tively low-priced terpene resins have been placed on the market 
and accelerated industrial research suggests that more materials 
of industrial interest will be developed. 

Turpentine is produced in the southeastern United States, 
either from the resin of living pine trees or by distillation from 
old pine stumps. The material from stumps, known as wood 
turpentine, is produced by relatively large industrial organiza- 
tions and, together with the pine oil produced with it, has been 
the subject of most of the new-product research. Turpentine 
and pine oil contain a number of related constituents, the prin- 
cipal one of which is called alpha pinene. From alpha pinene 
camphor has been synthesized at various times, depending on the 
relative prices of turpentine and natural camphor. This synthe- 
sis has been in steady operation since 1931 and now appears per- 
manent; the war, of course, has temporarily ended our supply of 


Forniosan camphor. Terpineol, a lilac perfume used principally 
in soaps, is also synthesized from pinene, as well as obtained di- 
rectly from pine oil. Chemical treatment of the pine oil after ex- 
traction of terpineol yields fenchone, a liquid with many of the 
properties of camphor, and anethole, which occurs in anise oil 
and has a sweet licorice flavor. Insecticides have also recently 
been synthesized from similar terpene chemicals. 

Within recent years it has been found possible to hook pinene 
molecules together to form nearly colorless thermoplastic resins. 
These resins are said to have little strength by themselves and 
hence are not particularly adapted to molding, but reportedly are 
in rapidly increasing demand for use in coatings, including re- 
placement of the critical alkyd resins, as rubber softeners and to 
give hardness and gloss to somé waxes. One brand of these 
resins sold for 16 cents per pound when it was introduced in 
1940 and now, with turpentine higher, sells for 25 cents. Tur- 
pentine products have also been used in phenolic resin manufac- 
ture to produce a modified product. The terpene compound 
dipentene has been reacted with maleic anhydride, long derived 
from benzene, and with glycerin to form a resin useful in protec- 
tive coatings. 

One group of compounds found in both turpentine and pine oil 
and known commercially as dipentenes has been used increas- 
ingly in the last decade as solvents for phenol-base varnish resins 
and has an important part, through its softening action, in the 
reclaiming of rubber. Recently has it become commercially pos- 
sible to synthesize from the dipentenes a number of new com- 
pounds, including para-cymene and para-menthane, which offer 
opportunities for further synthesis. Among the products from 
para-cymene, a coal-tar type of compound although of terpene 
origin, is a chemical called para-methyl alpha methylsytyrene, 
which is one of the most important products of the new plant 
and is said to have interesting possibilities in the manufacture of 
plastics. 

Still another line of chemical attack involves breaking the atom 
rings in pinene to form two compounds—allo-ocimene and 
myrcene, where the carbon atoms are arranged in chains. Ap- 
parently, no commercial products have yet been made from 
these compounds, but their molecular configuration suggests 
usefulness in forming protective films, since they resemble struc- 
turally the scarce and valuable tung oil. Myrcene has been 
tested as a synthetic rubber component with reportedly good re- 
sults, although not yet on a commercial scale.—Industrial Bulle- 
tin of Arthur D. Little, Inc. 











HE subject of this sketch was an early president of 
the American Chemical Society. There are so 
many interesting facts connected with his life that 
chemists generally may be willing to hear them. Very 
probably, on pronouncing his name, there will instantly 
come to mind a widely known firm—Booth, Garrett, 
and Blair, which has stood for a very definite relation 
between commerce and chemistry since its inception. 
Booth was its founder and had a definite purpose in 
launching this undertaking. His first reason was that 
he never forgot the difficulty experienced in obtaining 
instruction in that line of chemistry which he preferred. 
In his student days in the University of Pennsylvania, 
where he entered in 1825, one would have thought that 
under Keating, who then held the chair of Chemistry 
and Mineralogy in the Collegiate Department, or 
under Robert Hare, in the Medical School, he would 
have had ample opportunity to acquire the knowledge 
he sought. Keating had received his training at the 
Ecole de Mines and was offering, according to tradition, 
a laboratory course in chemistry to such as applied. 
His knowledge of minerals, too, was excellent. Robert 
Hare, at this period, was also extremely active, being 
surrounded by a group of young men who subsequently 
filled professorships in sister institutions with great 
credit; but it was said by one that chemistry had for 
Booth a meaning quite apart from ‘‘the beauties of 
blackboard demonstrations and of symbolized re- 
actions.” His idea was that the laboratory should be 
a miniature factory and the factory a mammoth labora- 
tory. So determined was he to realize this conception 
that having received his A.B. degree in 1829, he spent a 
year or more at the Rensselaer Polytechnic Institute, 
gave an introductory course of lectures in chemistry 
at Flushing, L. I., in the winter of 1831-32, and seeking 
further light, he passed beyond the sea at a time when 
“fashion had not yet conceived the real or nominal 
virtues of an education abroad.” 

As it happened he went to Frederick Wohler in the 
Technical School at Hesse-Cassel. There, in the 
private laboratory of the Professor he studied for a 
period of nine months. In the course he had pre- 
viously planned there was included a sojourn with 
Berzelius, clearly indicated in the following para- 
graphs: 

Wohler, writing to Berzelius in 1833 (‘‘Briefwechsel zwischen 
J. Berzelius and F. Wohler,” 1901, Vol. I, p. 520), said: A young 
American (Booth), a pupil of Silliman, has been working with 
me in my laboratory for several months, It is his purpose to 
devote himself exclusively to chemistry. In time he may be- 
come an exact analyst, but his mind appears to have very little of 
the originative type. 


and on p. 550 continues: 


James Curtis Booth, 


EDGAR FAHS SMITH 
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Chemist, 1810-1888 


Booth is about 25 years old. He has fair attainments in 
chemistry, physics, and mineralogy. He cultivates chemistry 
largely from its theoretical aspects, but with an innate love for the 
science. Although he expects to become a teacher, I do not be- 
lieve that because of his financial condition it is necessary for him 
to take such a position as a final goal. He hasa right good head, 
but I do not think he will be productive or originate new or broad 
ideas. He is very industrious, scrupulously conscientious, and 
accurate. He came here deficient in manipulative skill and not 
well grounded. I guided and directed him accordingly and feel 
that in these particulars I can recommend him, as I can in every 
other way, with a good science. He is discreet, quiet, and cheer- 
ful; withal a young fellow of culture. In short—he will please 
you. 


To which Berzelius replied: 


As regards Booth, he would be most welcome had I not found, 
on the one hand, that my laboratory is too small and, on the 
other, that I am no longer disposed to supervise the work of 
students and make communications from my own resources. A 
student does not receive as much from me now as formerly, and 
will not be repaid in going from Wohler to Berzelius. The 
former is at his best, while the latter is rapidly approaching his 
sixties, is losing his powers, becomes daily more lazy, self satisfied, 
and less energetic. In spite of my best judgment I have received 
two natives (Swedes) into my laboratory, where they now are at 
work. I was induced to take them principally to escape the criti- 
cism that I was more partial to foreign than to students of my 
own country, although I have never refused to let a Swedish 
chemist work with me. The present students are Svanberg 
(son of Professor Svanberg in Upsala) and Berlin. The first 
will make a chemist, but God only knows what the other will 
become! 

Thank Booth for his kind thought of me, and tell him that I 
no longer receive students, because I am really too old to assume 
such responsibilities. 


Among Booth’s associates it was common remark 
that he was probably the first American student who 
had ventured into Germany for the purpose of pursuing 
analytical chemistry. Wohler’s statement that Booth 
had been a pupil of Silliman is evidently incorrect. 

Having failed to gain admission to the laboratory 
of Berzelius, Booth repaired to Berlin for nine months 
under Gustav Magnus and later attended other lec- 
tures in that city and in Vienna, and visited manufac- 
turing establishments both on the Continent and in 
England. 

He returned to Philadelphia toward the close of 
1835 or in the early part of 1836 when he promptly 
proceeded to organize his student laboratory. It was 
not his purpose to make this laboratory course usurp 
the rightful position of the textbook and the lecture; 
but he discerned a need of the scientific as well as of 
the commercial world, which he strove to inject into 
the new project, representing the foresight, the judg- 
ment, the independence, and energy of a scientist as 
well as that of a business man. The plan reminds one 
very much of what Fresenius did at Wiesbaden. 
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A number of men, later distinguished in chemistry, 
received their education at the hands of Booth and his 
associates. The list of those who regarded the old 
laboratory as their Alma Mater was large, representing 
an influence that reached far. For instance, there was 
John Fries Frazer, who held the Chair of Chemistry 
in the College of the University of Pennsylvania from 
1844 to 1872, whose example led his son, Persifor 
Frazer, to pursue chemistry, obtaining the rank of 
Professor in the same institution; and, very likely, 
this same spirit was passed on to Dr. John Frazer, now 
a Professor of Chemistry in the same University, where 
he is also Dean of the Towne Scientific School. Robert 
E. Rogers, who occupied the Chair of Chemistry in the 
Medical School of the University from 1852 to 1877, 
was another notable example; as was Richard S. Mc- 
Culloh, of Columbia University from 1857 to 1863; 
and Thomas H. Garrett, who later became Booth’s 
partner; and Campbell and Clarence Morfit, as well 
as Dr. William Camac. Quite recently, through the 
graciousness of Dr. J. Edward Whitfield, the writer had 
the pleasure of scanning the pages of a “‘Record Book”’ 
kept by Booth. In it were entered the names of all 
his pupils. In some instances a line or two was at- 
tached to a name, showing that the master had evi- 
dently followed the careers of those who had gone from 
his laboratory. For example: Robert B. Potts (1844 
and 1845) became a manufacturing chemist, as did 
Charles Hartshorne (1845), while William Hay (1846) 
developed into a glass manufacturer in New Jersey. 
N. R. Davis (1849) was a Colonel in the Confederate 
Army and subsequently Professor of Chemistry in the 
University of Virginia. Another, named Finch (1851), 
pursued teaching and manufacturing, and it is recorded 
that he was killed in 1861 by an explosion of his works 
while engaged in the manufacture of percussion caps 
for Confederate use. Thus the story proceeds until 
there appears (1852) the name of S. Weir Mitchell, re- 
nowned physician and novelist. It will be remembered 
that his father and grandfather had shown like fondness 
for chemistry. Other arresting names are those of 
Frank H. Rosengarten, who later studied under 
Strecker at Tiibingen, and J. William White, the emi- 
nent surgeon, who continued an interested student of 
the science through all his professional years at the 
University of Pennsylvania. 

The Booth School developed into a very excellent 
training school of practical chemistry. England had 
had several such schools. Perhaps this country has 
not had another like it, at least, has not had one the 
influence of which has been so wholesome and exten- 
sive. For nine years Booth was assisted in this under- 
taking by Martin Boyé; in 1848 Thomas H. Garrett 
became his associate, and in 1878 Andrew A. Blair 
entered the firm, which then assumed the title of Booth, 
Garrett, and Blair, a name it holds today, and doubt- 
less will continue to hold forever, representing as it 
does a company of analysts of high repute. 

Although occupied with the laboratory, Booth had 
sufficient leisure in 1836 to accept an appointment as 
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Professor of Chemistry Applied to the Arts in the 
Franklin Institute. During the nine successive win- 
ters, 1836 to 1845, he delivered there three courses of 
lectures, each course occupying three seasons, and from 
1842 to 1845 he filled the Chair of Chemistry in the Cen- 
tral High School of Philadelphia, while from 1851 to 
1855 he held the Chair of Chemistry Applied to the Arts 
in the University of Pennsylvania. During all this time 
he gave much attention to mineralogy and geology. 

In a Philadelphia publication, bearing the date 
June 1, 1844, there appeared an advertisement with 
the heading ‘‘Practical Chemistry” which read: 


The subscribers design commencing on October 1, 1844, a 
course of lectures on Theoretical and Practical chemistry, with 
special reference to its technical applications. They propose 
also to connect with the lectures a series of Practical Exercises to 
be performed by the student in making preparations of the greatest 
practical utility in Chemical Science and in the Arts. The usual 
course in analytic chemistry will be continued. Apply to William 
Hamilton, Actuary for the Franklin Institute, or to the subscrib- 


ers, or by letter. 
(Signed) James C. BooTtH 
M. H. Boyt 


The preceding paragraphs attest the earnest pur- 
pose of Booth as a teacher of his favorite science. In 
a certain sense it marks a creative period in his career, 
because it emphasized a technical education, which 
aimed to make chemistry a factor in commerce and 
gained for the chemist a recognized place in the econ- 
omy of the world’s work. 

Booth’s knowledge of chemistry and geology led 
him, even in the earliest period of his laboratory ven- 
ture, to accept an appointment on the first geological 
survey of Pennsylvania. Here he had as coworker 
John Fries Frazer. These young men were under the 
Director of the Survey, Professor Henry D. Rogers, 
who credited them with having established a grand 
column of paleozoic formation in Pennsylvania. At 
the end of the year, however, these assistants resigned, 
and Booth shortly thereafter became State Geologist 
of Delaware. He made one report on its geology in an 
octavo volume, now exceedingly rare. His first love 
called so persistently that he practically abandoned 
geology forever, although he occasionally rendered 
opinions on mining projects. One of these related to 
a mine of cobalt in the State of Missouri, from which a 
considerable amount of cobalt had been taken and 
forwarded by him to England. However, the article 
proved to be so impure that the material was returned 
to Philadelphia. This induced Booth to prosecute 
with energy the work of acquiring a real knowledge of 
the methods of refining cobalt. He took in charge the 
old chemical works of Uhler,’ situated in the northern 
part of Philadelphia, and there made trial after trial 
until he had overcome the perplexing problem and 
mastered all difficulties. 

His Government frequently demanded his services. 
His studies on the nickel ores of Pennsylvania led, in 

1 This was William M. Uhler, who had been with him in 1840. 


Under his name in the ‘“‘Record Book” Booth wrote: “Old Mint 
Stick,” a name given him by his fellow students. 
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1856, to the adoption of nickel as one of the components 
of the alloys used in the coinage of the cent issue of 


that year. 
There is another period in his life which deserves 


consideration. In 1849 President Taylor appointed 
him Melter and Refiner of the Philadelphia Mint. 
William M. Meredith was then Secretary of the 
Treasury of the United States. He was intimately 
acquainted with Booth, having been in college with 
him, and was doubtless instrumental in having this 
important appointment given to his friend. This 
occurred when the discovery of gold in California was 
being discussed everywhere. 


The gold reached the Mint for the most part in its native state, 
and required intricate and at the same time accurate and prompt 
metallurgic treatment to fit it for coinage. In one particular the 
Mint was ill prepared to sustain the pressure brought to bear upon 
it. The California gold being naturally alloyed with silver in 
excess of the amount admissible in the coinage, it was necessary to 
extract the superfluous metal by chemical treatment. The ap- 
pliances of the Mint, which had proved sufficient to treat bullion 
received anterior to the California discoveries, were quite in- 
adequate thereafter. It was necessary to reconstruct the whole 
plan of the parting apparatus, and this work devolved upon 
Booth. Under his supervision a process which had before been 
little more than one of the laboratory expanded into that of a 
manufactory. To this work, as well as to all the other labors of 
his department, he brought the full knowledge of theory and 
practice derived from former professional experience, and further 
showed what is not always the case with chemists, a capacity to 
apply his knowledge in the larger way required for commercial 
results. Some little impatience at the delay in introducing the 
needful changes had been exhibited by bullion dealers and others, 
ignorant of the obstacles attendant thereon; but all difficulties 
were overcomé, and the parting (or refining) capacity of the 
Mint was soon, under Booth’s energetic and capable management, 
enlarged to meet promptly every demand. This time of trial, 
at the very outset of his Mint career proved the man and the 
officer. 

There were naturally many trying times during the long years 
that followed the California gold discovery; there were periods of 
changes in the coinage, changes in method, changes in administra- 
tion; there were periods of extraordinary losses through the na- 
ture of the bullion, as well as from other causes; there were the 
annual settlements, the annual trials of the pyx, and trials less 
than annual and more than annual of the nerves of the opera- 
tive officers—trials such as only devoted servants of a soulless 
government can understand. But there were many matters of 
new interest, new study, new relations, new processes to try, 
to lighten the burdens, relieve the tedium, and divert the mind 
from a wearying and exhausting sense of its peculiar responsibili- 
ties. 

A paragraph from Mr. W. E. Du Bois’ sketch of Mr. Jacob R. 
Eckfeldt, then Chief Assayer, is in place here, as it is an illustra- 
tive bit of history: 

The gold pressure continued for about five years, when it was 
relieved by the creation of a Government Assay Office in New 
York and a Branch Mint at San Francisco. But directly sequent 
to this came the change of standard in silver coin, causing an im- 
mense recoinage in small pieces. Thus our daily assays continued 
to count by hundreds. This lasted for some years. When it 
began to slacken off, a law was passed for calling in the large 
copper coins, and issuing in their stead pieces of copper-nickel 
alloy of much smaller size. After this came the substitution of 
the bronze alloy; and this called for another process of assay, and 
brought us a great deal of work... . 


And Booth himself wrote: 


The whole truth is, that the constantly increasing business of 
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the Mint beyond its capacity for bullion storage has been in- 
creasingly weighing down my anxious thoughts for its safety, and 
you may add to that the consciousness that I was personally re- 
sponsible for every ounce of bullion received, and then you will 
readily perceive sufficient for a constant anxious care, which I 
sometimes imagined to be as the square or cube of the extra quan- 
tity of bullion continually pouring in It was that con- 
stant and constantly augmenting ounce for ounce responsibility 
that finally affected my mind, and I rather think broke me down. 
I went home quite sick from the Mint early in April, and lay on 
my back for about three months. I suppose that such a state- 
ment will be sufficient to explain my present position. I am glad 
to say that I had sufficient strength to resign from my place in the 
Mint, although no one is yet appointed to take my place. How- 
ever, I do not go more than once a week to the Mint, and shall be 
glad when the string of union is severed.... From my age, over 
seventy years, I hardly expect restoration of full strength, and am 
satisfied with what Providence designs. 


The three grand projects, or perhaps achievements 
of Booth’s life were: (1) the foundation of a great 
laboratory of practical chemistry; (2) his splendid 
contribution to the geology, not only of his native 
State, but to that of the State of Delaware; and (3) 
the most difficult of all, the conduct of the melting and 
refining at the Mint in Philadelphia. In this last 
undertaking every faculty possessed by him was called 
into requisition. The work was done virtually in 
retirement. It was not heralded tu the world. It 
was one of those contributions which only the well- 
equipped, conscientious, self-sacrificing individual can 
make. Therefore, too much credit cannot be given to 
Booth for his admirable outlay of energy and thought, 
extending over many anxious years. 

But, despite the exacting character of his duties 
at the Mint, he was busy in many other ways. For 
example, he prepared the Reports of the Franklin 
Institute Committee on Science and Arts, and a Re- 
port on Recent Improvements in the Chemical Arts, 
graciously published by the Smithsonian Institution, 
to which may be added the following communications: 


1. On the Deutarseniuret of Nickel from Reichelsdorf in 
Hessia (1836); 4 
2. Analysis of Various Ores of Lead, Silver, Copper, Zinc, 
Iron, etc., from King’s Mine, Davidson County, N. C. 
(1841); 
On Beet Sugar (1842); 
Chrome Iron Analysis (1842); 
Constitution of Glycerin and Oily Acids (1848); 
On Remmingtonite, a New Cobalt Mineral (1852); 


and in conjunction with his able and tireless assistant, 
Martin H. Boyé, he published: 


1. Analysis of Well Water in Philadelphia (1842); 

2. On the Extraction and Decolorization of Gelatin (1842); 
8. On the Preparation of Aluminous Mordants (1842); 
4. Conversion of Benzoic Acid in Hippuric Acid (1843). 


When reading this last paper one should bear in 
mind its date. It represents an early contribution in 
the field of organic chemistry. It shows, too, the 
groping mind, eager to unravel a rather complex prob- 
lem—complex for that period, hence it should be 
cherished by American chemists as evidence of the 
spirit of pure research. 





518 


5. Analysis of Three Kinds of Feldspar (1844); 


and on proceeding further we discover that with 
Thomas H. Garrett he issued 


Experiments on Illumination with Mineral Oils (1862); 
while with Campbell Morfit, he published 
On the Analysis of Cast Iron (1853). 


This record is inspiring and interesting, when 
Booth’s other activities are recalled; and yet to them 
must be added his edition of a translation of Regnault’s 
“Elements of Chemistry,’ two volumes, from the 
French in 1852. This was a favorite book in its day. 
It won for itself many friends. It was proof additional 
that while Booth emphasized the practical part of 
chemistry, he was awake and alert to the theoretical 
side of the subject. There is, indeed, much in the book 
which will appeal to chemists generally. At present 
one rarely sees a student text on chemistry with the 
descriptive, the applied, and the analytical sections 
so thoroughly interwoven. It cannot be said of any 
modern text that it bears the slightest resemblance to 
Regnault’s publication. The writer, while studying 
it, was surprised to observe that the copy used by him 
was once the property of John Fries Frazer, a friend 
and pupil of Booth, and one of the writer’s own prede- 
cessors in the Chair of Chemistry in the University 
of Pennsylvania. 

But one of the finest literary contributions made 
by Booth was his ‘‘Encyclopedia of Chemistry, Practi- 
cal and Theoretical.’’ It covered nearly 1000 pages, 
octavo size, and appeared in 1850. A few sentences 
from the preface may interest the reader: 


The ‘“‘Encyclopedia of Chemistry,’’ now offered to the public, 
is designed to present a view of the whole science with constant 
references to its various applications—manufacturing, medical, 
pharmaceutical, and mineral. ... When the present work was 
commenced, it was my intention to base it upon Ure’s “‘Dictionary 
of Chemistry,” modifying it in such a manner as to adapt it to the 
present state of the science, but a cursory glance at it forced me 
to the conclusion that the science had so entirely changed its fea- 
tures as to render the work of no value. Nothing has, in conse- 
quence, been taken from it. 


He was assisted in the preparation of this volume at 
various times by Martin H. Boyé, Campbell Morfit, 
and R. S. McCulloh. The article on analysis, written 
by Boyé, impresses one with its thoroughness and 
completeness, characteristics of all the work of this 
chemist. 

The concluding sentence of the preface reads: 


His principal object has been the dissemination of sound, prac- 
tical knowledge throughout the United States, whereby the 
chemical arts, which are most characteristic of civil life, may be 
established and conducted on rational principles. 


That this voluminous contribution projected by 
Booth met with pretty general approval is shown, 
among others, in a letter from Robert Hare, where the 
following language occurs: 


I avail myself of this opportunity to applaud another work, 
“The Encyclopedia of Chemistry,’’ edited by Booth and Martin 
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Boyé, both eminent for their skill, science, and accuracy as chem- 
ists. I shall recommend it to all my pupils who can afford the 
purchase. 


And from Benjamin Silliman: 


We have no hesitation in giving this work the most unqualified 
recommendation and in affirming that it will surpass everything 
in our knowledge of its kind, inasmuch as it draws largely on the 
resources of Continental Europe, which unfortunately have 
been too much overlooked by the English authors. 


Even today the work under discussion appeals to 
the student. True, it is out of date, but there are 
many important facts clearly presented, and the illus- 
trations of the various forms of chemical and metal- 
lurgical apparatus are bound to win the attention of 
those who delight in following the gradual development 
of processes and methods of procedure through which 
the science has passed. An hour or two given to its 
review would not be ill spent. 

Conscious of these many engagements of Booth, 
there arises a feeling of gratitude to him for what he did 
for chemistry in the early and middle part of the nine- 
teenth century. This gratitude is intensified when it 
is remembered that as early as 1860, realizing the aid 
chemistry might be to the iron industries of his native 
state, he sought to induce the iron masters of eastern 
Pennsylvania to contribute jointly the sum of $1200 to 
have the ores used by them controlled by his analyses, 
but in this plan he was unsuccessful. And further, 
that very probably he was the first chemist in America 
to use the polariscope in the analysis of sugar and 
molasses. This was in 1842 and 1843—at least twenty- 
five years before this instrument was generally used in 
this country.’ 

It is not difficult, therefore, to comprehend how the 
spirit of the great master should have permeated the 
generations which have continued the work of the 
firm—Booth, Garrett, and Blair. Indeed, the admir- 
able treatise of Andrew A. Blair on the ‘Chemical 
Analysis of Iron,’’ a volume which has passed through 
many editions, and regarded everywhere as authorita- 
tive, is an instance of the thought entertained by Booth 
in the earliest years of his laboratory and which domi- 
nated him during the period when he was not only an 
experimenter and doer of things, but a teacher of hun- 
dreds of young men who flocked about him. The 
Scientific American said: 

A course in his laboratory was considered necessary for the 


chemist of that time and was regarded of more value than a col- 
lege diploma. 


There were many who believed that Booth had few, 
if any, superiors as a teacher of practical chemistry. 
He kept abreast of the times by intimate contact with 
the best and latest publications. 

And this genuine pioneer of chemistry in all direc- 
tions was much occupied in many other ways. For 


(Continued on page 357) 


2U. S. Senate Documents—30th Congress, Ist Session, pp. 
34, 39, 44, 45, 46, etc. 





Simplified Calorimetric Studies of Various Types 
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HE IMPORTANCE of thermodynamics in physical 
chemistry is found not only in such direct appli- 
cations as thermochemistry but also in the fact that a 
large proportion of the subject can be presented as a 
unified picture by means of the laws of thermody- 
namics. However, as studied in the laboratory, the 
thermodynamic basis of the phase rule and the laws 
of vapor pressure are apt to be obscured; the inter- 
relationships of the colligative properties are normally 
subordinated to the actual measurements; and the de- 
termination of the activities, free energy, and heat 
content changes by electromotive force methods are 
usually emphasized less than the relative magnitudes 
of the potentials developed by various types of cells. 
Some difference in approach to the subject in class- 
room and in laboratory is perhaps broadening and is, 
without doubt, often justifiable in view of the limita- 
tions of time, available apparatus, and accuracy of ex- 
perimentation. ; 
Nevertheless, with the importance of thermody- 
namics, it is unfortunate that there are so few simple 
experiments designed to make the various thermo- 


dynamic quantities measurable and real to the student. 
Even in thermochemistry, although most laboratory 
texts contain one or more experiments measuring heats 
of reaction in aqueous solutions, the number of such 
studies is small and their variety rather limited. In 
the present paper, a series of calorimetric experiments 
are given which are thought to be suitable for under- 


graduates. Together with studies of heats of solution 
and dilution, these include an oxidation-reduction 
reaction, organic reactions, reactions in which a gas is 
evolved or a precipitate results, and, finally, ones in 
which a complex ion or an undissociated molecule is 
formed. In addition to variety, the objective in de- 
veloping these experiments has been to use simple ap- 
paratus of moderate accuracy and, in so far as pos- 
sible, reagents which can be readily obtained in a pure 
state and from which solutions of known concentra- 
tions can be prepared without elaborate standardiza- 
tion. 


THE GENERAL EXPERIMENTAL PROCEDURE 


The apparatus and general experimental method 
employed in the various heat studies have proved 
satisfactory for undergraduate use over the last several 
years. Vacuum or “thermos” bottles are readily ob- 
tainable and the pint size is convenient in view of the 
moderate amount of material required. They offer 
advantage over the Dewar tube in being self-support- 
ing and, with ordinary care, show remarkably low 


breakage. Titer test thermometers, reading in tenths 
of a degree from 15° to 35°C., are sufficiently accurate 
and of a convenient range. 

For most of the thermochemical experiments to be 
discussed, two solutions are prepared of appropriate 
concentrations known, by standardization if necessary, 
to about one per cent. In order to establish thermal 
equilibrium with the surroundings, the solutions should 
be made up at least twenty-four hours before use, but 
in any case, after introducing 200 cc. of each into two 
separate 250-cc. beakers, they should be allowed to 
stand protected from air drafts and covered with a 
watch glass for ten to twenty minutes. During this 
time, the thermos bottle is washed with room-tempera- 
ture distilled water and allowed to drain by inverting 
on a piece of filter paper for five minutes. No attempt 
should be made to dry the bottle with solvents or by 
means of a blower since the abnormal cooling would be 
of more consequence than the few drops of water 
clinging to the walls. When the bottle has drained, 
the stopper carrying the thermometer is introduced 
and the temperature of the empty bottle obtained after 
allowing ample time for thermal equilibrium to be 
achieved. 

After the two solutions have come nearly to room 
temperature, the temperature of each is estimated to 
the nearest hundredth of a degree, using a magnifying 
lens, and recorded on alternate minutes over a period 
of ten minutes. To avoid errors in calibration, it is 
essential that the same thermometer, which with care 
may be used to stir the solutions, be used to determine 
the temperatures of both solutions, drying quickly 
between each transfer. It is advisable to keep the 
solutions covered with a watch glass as much of the 
time as possible, and to delay taking temperature read- 
ings until the two solutions have the same tempera- 
ture within half a degree, although this latter precau- 
tion does not seem to be necessary to obtain results of 
moderate accuracy.- 

At the eleventh minute, the measured amounts of 
the two solutions are poured into the thermos bottle 
and thoroughly mixed by inverting the bottle several 
times. Starting with the twelfth minute, the tem- 
perature of the mixture is read each minute until the 
twentieth minute or for a longer period of time if the 
reaction is not instantaneous. 


THE GENERAL METHOD OF CALCULATION 


Regardless of the path pursued between the initial 
and final states, AH, the ‘‘heat content change,’’ has a 
single definite value depending only upon the two 
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states. The path can, therefore, be restricted to one 
which will allow a ready calculation of the value. 
When no work, other than that against the constant 
pressure of the atmosphere, is done in the process, 
AH is the heat absorbed. Since calorimetric measure- 
ments at constant atmospheric pressure are very con- 
venient, the quantity AH has found widespread use and 
its properties make its value useful in interpreting the 
nature of various processes and in evaluating other 
quantities which are related by thermodynamic laws. 

The most useful values of AH are those for processes 
taking place not only at constant atmospheric pressure 
but also at constant temperature. If a reaction were 
to be carried out isothermally, the reaction system 
would have to be surrounded by a thermostating bath 
which would absorb or evolve heat, as the case might 
be, thus maintaining the system at constant tempera- 
ture. A device for such a direct measurement, if it is 
to yield the amount of heat, is difficult to construct 
and to manipulate, so that the calorimeter is more 
commonly an adiabatic one, the heat change being 
determined by the rise or fall in temperature of the 
reacting system. However, on the basis of the first 
law of thermodynamics, concerning the nature of 
AH, the path of the process can be broken into several 
paths, one of which is the desired isotherm. 

If the reaction is carried out adiabatically, the heat 
evolved will not escape but will raise the temperature 
of the system. The rise in temperature allows a cal- 
culation of the amount of heat that would be given off 
if the reaction were carried out isothermally at either 
the higher temperature reached when the solutions have 
reacted or at the lower one at which they were mixed. 
The following figure and discussion will prove this: 


solution ab at FINAL 


solutions a and b 
temperature J, STATE 


at temperature 7» 








solution ab at 


solutions a and b 
temperature 7; 


at temperature 7) 


INITIAL 
STATE 
While the adiabatic measurement would appear to 
proceed along some such path as £, the progress of the 
reaction from the initial to the final state may be inter- 
preted as following the paths A and B or C and D. 
Thus, if the original solutions were allowed to react 
isothermally at 7, and the resulting solution heated to 
Ts, the same result would be observed. The adiabatic 
process might be visualized as taking place in two in- 
stantaneous steps, the reaction along A immediately 
followed by use of the heat evolved to raise the tem- 
perature of the solution along B to 7. Similarly, in 


following the paths C and D, the heat required to raise 
the solutions a and b to the temperature 7> is instantly 
restored to the system by the heat evolved in the iso- 
thermal reaction at the higher temperature. 

Actually, all of these paths and others are followed 
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by different parts of the system due to the nature of the 
mixing method, but it is an advantage of the First 
Law of Thermodynamics that allows such a path con- 
struction with the assurance that AH for path £ will 
be the same as the sum of that for A and B and for 
C and D. If the process is truly adiabatic, the heat 
absorbed along B will be equal to that evolved along A 
and that absorbed along C will be equal to that evolved 


along D. Insymbols, 
AH, = —AHs 
AHp = —AHe 
and 
AHz = 0 


These equations form the basis for the calculation of the 
value of AH for the reaction as if it were carried out 
isothermally at two different temperatures. The lower 
of these, the mixing temperature, can be fixed at any 
desired point, showing an advantageous freedom in the 
adiabatic methods which might not at first be suspected. 

The temperature rise due to the reaction is calcu- 
lated by plotting the temperature of the solutions a and 
b and that of the solution ad as ordinates against the 
time in minutes. The extrapolated curves should 
intersect the mixing time ordinate to give the tem- 
perature increase necessary for the calculation—this 
temperature increase, by virtue of the extrapolation, 
being the temperature change which would have been 
realized for an instantaneous reaction in the absence 
of radiation and thermometer lag. 

The amount of heat given out at the lower tempera- 
ture corresponds to the amount of heat required to 
raise the temperature of the solution ab, the thermos 
bottle, the stopper, and the thermometer by the amount 
T2 — T;. The heat required for the solution can be 
calculated from its volume, density, and specific heat 
together with the temperature rise. The heat required 
for the calorimeter (bottle, stopper, and thermometer) 
is calculated from the temperature rise, 7; — 71, 
and the water equivalent of the calorimeter (7. e., the 
number of gram calories required to raise the tempera- 
ture of the calorimeter one degree), which for the 
calorimeter used in most of the experiments reported 
was found to be 13.2. 

Calculation of the amount of heat given out at the 
upper temperature requires, in addition to the tem- 
perature rise and the water equivalent of the calorim- 
eter, the volume, density, and specific heat of each of 
the solutions a and 6. Introducing the volumes of 
solution indicated above, the equations for the calcu- 
lation of the heat given out by the reaction at the 
lower and higher temperatures take the following 
forms, respectively : 


Qr, = (Tz — Ti) (400) (das) (cas) + (T2 — Ti) (ce) 


Qr, = (T: — Ts) (200) (da)(ca) + 
(Tz — Ts) (200) (do)(co) + (T2 — Tt) (ce) 
where 
Tz is the temperature of the solution ab extrapolated to the 


eleventh minute 
Ta is the temperature of the solution a extrapolated to the 


eleventh minute 
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T, is the temperature of the solution 6 extrapolated to the 
eleventh minute 

T; is 1), (Te + T>) 

d is the density (dz is the density of the solution a, etc.) 

c is the specific heat of the designated solution 

¢- is the calorimeter equivalent 


It is obvious that for accurate calculations, the 
densities and specific heats of the solutions at the 
proper concentrations must be known, and whenever 
these figures have been readily available, the experi- 
mental results given below have been calculated with 
their use. In dilute aqueous solutions, however, the 
heat of the reaction can often be calculated within one 
or two per cent error by assuming that the product 
of the density and specific heat of each solution is equal 
to unity. This was sometimes resorted to in the pres- 
ent work, in which case the distinction between the 
heat of reaction at the two temperatures disappears, 
and the equation for calculation simplifies to: 

Q = (Tz — T;) (400) + (T2 — Ti) (¢) 

From Q, the molar heat of reaction, AH, is easily 

calculated : 
= 


~ mols ab 
EXPERIMENTAL WORK 


Details of a wide variety of thermochemical experi- 
ments are given below together with indication of the 
accuracy which may be expected under the conditions. 
All of the experimental results are the average of three 
or more determinations unless otherwise stated and, 
in general, the average deviation is about 0.2 cal. per 
mol. Modifications of the general experimental pro- 
cedure and method of calculation are indicated wher- 
ever they may not be entirely obvious. The experi- 
ments are grouped according to the general type of 
reaction studied. 


Feats of Reaction in which a Gas is Evolved 


The Decomposition of Hydrogen Peroxide. About 
50 cc. of commercial three per cent hydrogen peroxide 
is thoroughly mixed with about 450 cc. of water, and 
400 cc. of the solution introduced into the thermos 
bottle. The bottle is equipped with a two-hole rubber 
stopper; one hole contains the thermometer and the 
other a short. glass tube connected to a rubber hose 
which extends under the open end of an inverted 500-cc. 
graduated cylinder, completely filled with water, 
securely clamped, and standing in a water bath. The 
temperature of the hydrogen peroxide is estimated to 
0.01°C. at two-minute intervals for ten minutes; then 
exactly on the eleventh minute 2 g. of finely powdered 
manganese dioxide are added. The flask is immedi- 
ately stoppered and the oxygen gas, which is rapidly 
evolved, collected in the cylinder. The evolution is 
complete after about twenty more minutes, during 
which time readings of both the volume of the evolved 
oxygen and the temperature of the solution are taken 
at two-minute intervals. The results can be plotted 
on graph paper and a typical experimental curve is 


shown in Figure 1. 
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FIGURE 1.—TEMPERATURE-TIME CURVES FOR THE DECOM- 
POSITION OF HyDROGEN PEROXIDE 





In the calculation of the molar heat of reaction, 
AH, the number of mols of hydrogen peroxide used may 
be calculated from the volume of oxygen evolved, by 
means of the perfect gas law. If adequate time is 
allowed, the temperature of the gas may be taken as 
that of the room; otherwise, the temperature of the 
water may give a more nearly correct value. The 
pressure may be calculated from the barometric read- 
ing by correcting for the difference in the height of the 
water within the graduated cylinder and in the bath, 
as well as for the vapor pressure of the water. The 
experimental value, —23.2, agrees well with, that cal- 
culated from the heats of formation given in the litera- 
ture; according to which AH is —22.8 cal. per mol (3). 

In order to check the procedure, the concentration 
of the hydrogen peroxide was determined by adding 
potassium iodide and acid, and titrating the liberated 
iodine with standardized sodium thiosulfate to the 
starch endpoint. Calculation of AH on this basis led 
to the value —23.1 cal. per mol, justifying the experi- 
mentally simple collecting of the gas as a means of 
measuring the amount of reactant involved. Inci- 
dentally, this physical approach is not only quicker 
than the usual analytical determination, but also 
serves to remind the students that, in industrial and 
other work, special methods are frequently employed 
rather than the standard techniques. 

The Reaction of Calcium Carbide with Hydrochloric 
Acid. The heat of reaction of calcium carbide with 
hydrochloric acid is readily measured. About 400 cc. 
of approximately fifth normal hydrochloric acid, pre- 
pared by diluting 12 cc. of concentrated acid to 500 cc., 
are introduced directly into the thermos bottle, fitted 
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with a two-hole rubber stopper with the thermometer 
in one hole and the other serving as a vent. After 
taking the temperatures for a period of about ten min- 
utes, a 1.5-g. lump of commercial calcium carbide, 
weighed to the nearest milligram, is introduced. It is 
advisable to have the carbide well wrapped in filter 
paper both to delay the initial reaction and to keep it 
from direct contact with drops of water at the mouth 
of the bottle where the seal may be weakest and subject 
to breakage with a sudden local evolution of heat. 
The bottle should be stoppered immediately and tem- 
perature readings taken at two-minute intervals for 
the next twenty minutes. The gas evolution stops after 
about five minutes and it is well to mix the contents of 
the bottle at that time, placing a finger over the open 
hole. 

As before, it is necessary to determine the tempera- 
tures at the time of mixing, by extrapolation, in order 
to obtain as nearly as possible the value of change which 
would have been observed if the reaction had been 
instantaneous. In the absence of other information, 
it is necessary, also, to assume that the pieces of calcium 
carbide, which should be carefully selected to be as 
free as possible of adhering oxide and other impuri- 
ties, are 100 per cent pure. This assumption was 
probably incorrect for the samples used since the ex- 
perimental value of the heat of the reaction, —58.7 
cal. per mol, is markedly lower than the literature value, 
—60.8 cal. per mol (3), a difference which can scarcely 
be attributed to the excess acid. 

It is not feasible to determine the purity of the com- 
pound and the extent of the reaction by the amount 
of the gas evolved since acetylene is fairly soluble in 
water. The chief experimental difficulty is the evolu- 
tion of about 500 cc. of acetylene, a malodorous and 
highly inflammable gas. Proper precautions can be 
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FIGURE 2.—TEMPERATURE-TIME CURVES FOR THE REAC- 
TION OF COPPER SULFATE WITH Excess AMMONIA 
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observed, however, and the obviously simple experi- 
ment gives an interestingly large value of the molal 
heat content change. 


Heats of Reaction in Which an Undissociated Molecule 
or a Complex Ion 1s Formed 


The Reaction of Mercuric Nitrate with Sodium Chlo- 
ride. The general experimental procedure is suitable 
to measure the heat of reaction of mercuric nitrate 
with sodium chloride to form mercuric chloride. Mer- 
curic nitrate is very deliquescent so that an excess 
should be weighed out. Solutions of appropriate con- 
centrations are made by dissolving 25 g. of mercuric 
nitrate in 250 cc. of solution containing 10 cc. of con- 
centrated nitric acid and by dissolving exactly 7.305 g. 
of pure sodium chloride in enough water to make 250 
ec. of solution. The experimental value for the heat 
of reaction under these conditions is —12.7 cal. per 
mol and the literature values (3, 5, 7) vary from—11.2 
to —12.7 with —12.4 cal. per mol the most probable 
value. 

This experiment requires no standardizations and is, 
therefore, very convenient for student use. 

The Reaction of Copper Sulfate with Excess Ammonia. 
To measure the heat of reaction of copper sulfate with 
excess ammonia to form the deep blue complex ion, 
the general experimental procedure is used. A satis- 
factory temperature rise is obtained upon mixing 200 
cc. of 0.2 molar copper sulfate with an equal volume of 
a 1.2 molar solution of ammonia. A typical graph for 
this reaction is shown in Figure 2. The average ex- 
perimental value at about 25°C., using 0.960 and 
1.030 as the specific heat and density, respectively, of 
the copper sulfate solution and 1.000 and 0.991 as the 
corresponding figures for ammonia, was —19.3 cal. per 
mol. The concentrations suggested would indicate 
reaction with six molecules of ammonia; however, the 
heat of reaction varies with the excess of ammonia 
used and for exact work the ammonia solution should 
be standardized. Literature values (4) for dilute 
aqueous solutions at 10°C. are as follows: 


CuSQ, + 5NH; = CuSO,5NH;; AH = —19.5 cal. 
CuSO, + 6NH; = CuSO,6NH;; AH = —20.0 cal. 
CuSQ, + 8NH; = CuSO,-8NH;; AH = —20.7 cal. 


Advantages of this experiment are the inexpensive- 
ness of the reagents and the fact that no standardiza- 
tions are necessary, unless it is desired to distinguish 
between the possible reactions. Since standardization 
is not essential, less time is required than for the con- 
ventional measurement of the heat of neutralization 
of an acid and a base, and the experiment can be used 
advantageously to fill out a laboratory period only 
partly needed for other thermochemical work. 


Heat of an Oxidation-Reduction Reaction 


The Reaction of Potassium Bromate with Hydrobromic 
Acid. The reaction between potassium bromate and 
hydrobromic acid with excess hydrochloric acid present 















Oo Oo 


tO + DW 


Oo Ww Beto. 


' 


= 


— ue F SS 


I a | es 


l 
: 








Jury, 1943 


proceeds fairly slowly, and under the conditions used 
was complete in about fifteen minutes. Neither solu- 
tion requires standardization but the cost of the rea- 
gents is an adverse factor and disposing of the bromine 
water formed is inconvenient. One solution is made by 
dissolving 2.0875 g. of potassium bromate in enough 
water to make 250 cc. of solution, and the other by dis- 
solving 7.438 g. of potassium bromide and 16 cc. of 
concentrated hydrochloric acid to produce 250 cc. of 
solution. With the 0.05 molar potassium bromate 
and the 0.25 molar hydrobromic acid thus made, the 
heat of reaction is measured according to the general 
experimental method. The average value obtained, 
—49.7 cal. per mol, is somewhat lower than the values 
given in the literature, —51.2 and —53.1 cal. per mol 
(2, 3, 5). 


Heats of Reaction in Which a Precipitate is Formed 


The Reaction of Magnesium Sulfate and of Aluminum 
Sulfate with Sodium Hydroxide. The reactions of 
magnesium sulfate and aluminum sulfate with sodium 
hydroxide are very interesting because the two reac- 
tions are very similar but have widely different heats 
of reaction. The value for the heat of reaction of 
magnesium sulfate in dilute aqueous solution was 
found to be +0.2 cal. per mol and the corresponding 
value for aluminum sulfate, —31.9 cal. per mol. These 
experimental values agree reasonably with those in the 
literature (3, 5). Half-normal solutions of base were 
used in both cases and 0.25 molar and 0.0833 molar 
solutions of magnesium sulfate and aluminum sulfate, 
respectively. Both of these salts can be obtained 
readily of sufficient purity for use without standardiza- 
tion. The specific heats and densities, respectively, of 
the solutions are 0.963 and 1.029 for magnesium sul- 
fate, 0.975 and 1.028 for aluminum sulfate and 0.989 
and 1.006 for sodium hydroxide. 


Heats of Organic Reactions 


The Reaction of Acetic Anhydride with Sodium Hy- 
droxide. The heat of reaction of acetic anhydride with 
sodium hydroxide was measured using a slight modifi- 
cation of the general experimental method. After 
introducing 400 cc. of approximately 0.3 N base into 
the thermos bottle and observing the temperature for 
ten minutes, about 4 g. of acetic anhydride, weighed 
accurately to the nearest milligram, were introduced. 
Following the addition of the anhydride, the tempera- 
ture became constant after about eight minutes. The 
experimental value for the heat of the reaction, —38.5 
cal. per mol, which is the average of only two results, is 
in poor agreement with the calculated literature value, 
—43.7 cal. per mol (1, 5, 6). However, the literature 
values (1), on which the calculation was based, are 
old and if a one per cent error had been made in the 
measurement of the heat of combustion, this would 
account for the discrepancy. 

The Reaction of Hydroxylamine with Acetone. The 
reaction between hydroxylamine and acetone to form 
acetone oxime has a fairly large heat of reaction and, 
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FIGURE 3.—TEMPERATURE-TIME CURVES FOR THE REAC- 
TION OF HyDROXYLAMINE WITH ACETONE 


therefore, can be studied readily using the present 
method and apparatus. After introducing 8.780 g. of 
hydroxylamine hydrochloride and 125 cc. of normal 
sodium hydroxide into a 250-cc. volumetric flask, the 
solution is diluted with water, up to the graduation, to 
produce a half-normal solution of hydroxylamine. 
Because the solution decomposes slowly, it should be 
prepared immediately before use. For the other solu- 
tion, 6 cc. of acetone should be thoroughly mixed with 
244 cc. of water. The regular experimental procedure 
is used to measure the heat content change. The reac- 
tion is fairly slow; a typical graph is given in, Figure 3 
which, furthermore, shows that the temperatures of the 
reactants are markedly different because of the addi- 
tion of the base to the hydroxylamine hydrochloride. 
This cannot be avoided readily since the solutions must 
be used soon after they are prepared in this case, and 
the success of the experiment demonstrates that it is 
not necessary to have these reactant temperatures 
nearly identical, especially if only one AH value is 
sought in the experiment. 

The average experimental value obtained under these 
conditions was —13.8 cal. per mol. No value for the 
heat of the reaction was found in the literature. The 
reaction was studied, however, under several different 
conditions. Hydroxylamine hydrochloride is quite 
stable in aqueous solutions but free hydroxylamine 
decomposes slowly. A 0.975 N solution apparently 
decreased in concentration to 0.953 after standing 
for two hours and to 0.870 N by the end of two days. 
The actual decrease in concentration is somewhat un- 
certain since hydroxylamine can decompose in several 
ways, to form basic impurities: 
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8NH,:0H = N: + NH; + 3H:0 
4NH,0H = N20 + 2NH; + 3H:0 


Furthermore, hydroxylamine can react with any oxygen 
present to form acidic impurities. 

The decrease in concentration was determined by 
allowing 10-cc. samples of hydroxylamine hydrochlo- 
ride to stand with a slight excess of base and with dis- 
tilled water. After a proper time interval, hydro- 
chloric acid or sodium hydroxide was added until the 
bromphenol blue end point was reached. Then excess 
acetone was added and the hydroxylamine gradually 
reacted to form acetone oxime and free hydrochloric 
acid. The liberated acid was titrated to the brom- 
phenol blue end point with standard alkali. The final 
end point is permanent but since the reaction is fairly 
slow, titration extends over a period of ten or fifteen 
minutes. The color change is from yellow to blue with 
no acetone oxime present and is very sharp; in the 
presence of the oxime, however, the final end point is 
yellow-red which can best be seen under strong illumi- 
nation with a white background, and the color change is 
rather gradual. This method can be used to standard- 
ize acetone solutions using an excess of hydroxylamine 
hydrochloride solution which has previously been 
made neutral to bromphenol blue. 

The reaction between acetone and hydroxylamine is 
reversible: 

O N—OH 
cu,—t_cn, + NH,OH @ cu,—d—cn, + H,O 


Under the conditions used, the reaction is probably 
almost quantitatively complete. With 122 per cent 
of the theoretical amount of acetone, the measured 
heat value was —13.8 cal. per mol; and with 282 per 
cent of the theoretical acetone, —14.2 cal. per mol. 
Measurements in acid solutions with either hydrochloric 
or acetic as the free acid gave much lower results. 
Also, when sodium acetate was added to hydroxylamine 
hydrochloride the reaction of the hydroxylamine with 
acetone in the presence of the resultant sodium ace- 
tate, sodium chloride, and acetic acid was very rapid, 
but the measured value of AH was only —6.6 cal. per 
mol. Each of the above results is the average of only 
two experiments. 


Heats of Solution 


The Heats of Solution of Anhydrous and Hydrated 
Sodium Acetate. In many laboratory manuals, experi- 
ments are given to measure the heats of solution of a 
pair of salts, frequently anhydrous and decahydrated 
sodium sulfate. These salts are rather unsatisfactory, 
anhydrous sodium sulfate having only a small heat of 
solution and commercial Glauber’s salt being of in- 
definite composition because of the ease with which it 
loses water of hydration. Anhydrous and trihydrated 
sodium acetate present neither of these difficulties and 
have appreciable heats of solution of opposite sign. 
The salts are inexpensive and can be obtained com- 
mercially in a satisfactory state of purity. The molal 
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heat of solution of anhydrous sodium acetate is 3.86 
cal. and that of the trihydrate, —4.85 cal. (3). In 
order to obtain a convenient temperature rise, 16.40 
g. of the anhydrous salt and 13.60 g. of the trihydrated 
sodium acetate are used, each with 400 cc. of water. 
The specific heats and densities, respectively, of the 
two solutions at these concentrations are 0.967 and 
1.019 for the first and 0.985 and 1.008 for the second. 

These easily conducted experiments on heats of 
solution, like certain of the other studies, can be used 
with profit to fill a laboratory period primarily devoted 
to a more elaborate thermochemical measurement. 


Heats of Dilution 


The Heat of Dilution of Ethyl Alcohol by Water. The 
heat content change of the exothermic dilution of 95.6 
per cent (by weight) ethyl alcohol by several different 
proportions of water can readily be measured. The 
volumes chosen for the dilution, which may be esti- 
mated with sufficient accuracy by means of graduates, 
are as follows: 


(1) 10 cc. of 95.6 per cent alcohol, 400 cc. of water 
oe ae “e sé “e 400 oe oe 


(3) 50 “ “ “ “ “ec 350 “ec “ 
(4) 100 “ec “ “ “ “ 300 “ce “ 
(5) 200 “c “ce “ “ “ 200 “ 

(6) 300 “ “c ““ “ “ 100 “ “ 


In the first four cases, the specified volume of room- 
temperature distilled water is placed in the previously 
rinsed and drained thermos bottle and the specified 
volume of 95.6 per cent alcohol in a clean dry con- 
tainer of suitable size. The temperatures of the water 
and alcohol are read and recorded on alternate minutes 
for a period of ten minutes. On the eleventh minute 
the alcohol is poured into the water and the solution 
thoroughly mixed by inverting the bottle several 
times. Starting with the twelfth minute, the tem- 
perature in the bottle is read each minute until the 
twentieth. 

In the last two cases, and in any others if the room 
temperature is too low to permit the above procedure, 
the following modification is made. The tempera- 
ture of the empty thermos bottle is taken after it has 
been rinsed and allowed to drain. In the meantime, 
the specified volumes of alcohol and water are meas- 
ured into two separate beakers and the temperatures 
recorded on alternate minutes for a ten-minute period. 
On the eleventh minute, the two liquids are thoroughly 
mixed in the thermos bottle and thereafter the tem- 
peratures recorded every minute until the twentieth 
minute is reached. 

The manner of calculation is similar to the general 
method, using differences in temperature found by 
means of temperature-time graphs. In order that the 
various parts of the experiment shall be comparable, 
the heats of dilution in each case should be determined 
at the same temperature. This would suggest that 
the mixing temperature in each part be the same and 
would necessitate a knowledge of the density and spe- 
cific heat of each final solution. Since the amounts used 
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may vary somewhat from those suggested and the 
necessary values for the individual liquids are readily 
available, it is more convenient to make the calculation 
at the higher temperature. Although the basic tem- 
perature may then vary somewhat from one part of 
the experiment to another, the experimental error in 
the value of AH is doubtlessly sufficient to render this 
difference unimportant. For each concentration, the 
heat change at the higher temperature can be cal- 
culated by means of the following equation, in which the 
significance of the symbols is quite obvious: 
Q = (IT, — Ta) (va) (da) (Ca) + (Tl: — Tx) (Vw) (dw) (Cw) + 
(T2 — T ) (ce) 

The molal heat content change at any dilution on the 
basis of the alcohol will be equal to —Q divided by the 
number of mols of alcohol. The number of mols of 
alcohol in the 95.6 per cent solution can, of course, be 
found by means of the relationship: 


(va) (da) (0.956) 
~ ie 


a= 


in which J/, is the molecular weight of alcohol. At the 
same dilution, the amount of water added per mol of 
alcohol present in the 95.6 per cent solution can be 
calculated by means of the following equation: 


_ (vw) (dw) 
ae; 





Values for water and for 95.6 per cent alcohol suit- 
able for substitution in the above equations are here 
given over the most commonly used temperature range: 


Temp., °C. dy Cw da Co 
15 0.999 1.000 0.807 0.593 
20 0.998 0.999 0.802 0.618 
25 0.997 0.998 0.798 0.643 
30 0.996 0.998 0.794 0.668 


In normal times, ethyl alcohol is easily obtainable 
and inexpensive. A better concentration range can 
be obtained than with most substances and a graph of 
the values of — AH as ordinates against the number of 
mols of water per mol of alcohol in the 95.6 per cent 
solution is highly significant. A typical student curve 
is shown in Figure 4. Obviously the form of the curve 
and particularly the value of the asymptote will be al- 
tered slightly by small deviations of the alcohol from 
exactly 95.6 per cent. It should be noted that if both the 
water and the alcohol were pure, each case would be a 
study of the heat of solution at the particular concen- 
tration. Since, however, water is already present in the 
95.6 per cent alcohol, the experiment and the graph deal 
with the heat of dilution of an alcoholic solution of this 
concentration. With the aid of such a plot, numerous 
points in regard to the several types of heat of dilution 
and solution can be clarified. 


DISCUSSION 


For calorimetric measurements, it seems well to 
select a wide variety of different types of reactions in 
order to emphasize the broad applicability and the 
basic importance of calorimetry. For pedagogical 
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purposes, inorganic reactions which have a measurably 
slow rate of reaction are particularly fruitful, in order 
to impress the student with the fact that not all inor- 
ganic reactions are instantaneous. Because many 
students who take laboratory work in physical chem- 
istry are primarily interested in organic chemistry, it 
probably would be more interesting and stimulating 
to some to measure the heats of a number of organic 
reactions. Experiments of both types are included in 
this study. 
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Obviously it would not be desirable for every student 
to conduct all of the experiments outlined, in addition 
to the usual standard studies of the heat of neutraliza- 
tion and solution. However, a somewhat broader ex- 
perience by each student accompanied by the knowledge 
that still other studies are being conducted by his 
colleagues is undoubtedly of real value. A few well- 
diversified experiments in calorimetry, perforfned dur- 
ing the early part of the course, help to give a more con- 
crete concept of the heat content change and other 
thermodynamic quantities, making for greater con- 
fidence in the reality of less readily measured functions 
such as the total energy change, the entropy, and the 
free energy change. Thus a firmer basis is achieved 
for the more general classroom use of thermodynamics. 

Students are rarely disturbed by the limited accuracy 
of these experiments and more often are impressed by 
the ease with which acceptable approximations can be 
obtained. It would seem, in any case, that the time 
needed for refinement might more profitably, in an 
introductory course, be devoted to acquiring a more 
extensive background. In considering the procedure 
and the calculations involved in certain of the studies 
outlined above, some rather obvious and detailed com- 
ments have been made. Certain of these have been 
introduced as precautions but, in general, they have 
been points over which students most frequently mani- 
fest difficulty. 
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Penicillin 


ENICILLIN, the latest of the ‘‘wonder drugs’ 

to attain popular notice, is as yet more of a problem 
than a solution. Although clinical tests of penicillin 
and other therapeutic substances of microbial origin 
are still far from complete, it is apparent now that 
penicillin is particularly useful against many infections 
previously resistant to treatment and appears to be 
non-toxic. The problem, one for the microbiologist 
and the chemist rather than the physician, lies in pro- 
ducing the penicillin and preventing its deterioration. 
There are recent indications that both of these may be 
solved in the not too distant future. 

The existence of penicillin, which is produced by a 
common mold, Penicillium notatum, was first noted 
accidently in England in 1929, when the mold con- 
taminated some culture plates during a search for an 
influenza-causing organism and was observed to in- 
hibit the growth of some other organisms. Broth 
cultures of the mold were found to contain an anti- 
bacterial substance, later named penicillin, but even 
yet not isolated or chemically identified. The first 
discovery was not followed up at the time, but in recent 
years there has been a recrudescence of interest in 
penicillin, as well as investigations of other antibacterial 
substances produced by molds and bacteria. Some of 
these other substances have proved promising including 
one called gramicidin, now produced at low cost and 
used in veterinary medicine, but most have had dis- 
advantages such as toxicity and insolubility. At 
present penicillin still appears the most valuable of these 
substances. 

A great virtue of penicillin is its lack of toxicity as 
compared with the sulfonamides, which often cause 
reactions. In addition penicillin has been found highly 
effective against the pus-causing bacteria, which com- 
monly inhabit the surface of the skin and against 
which the sulfonamide drugs are only moderately 
effective. These organisms are responsible for many 
minor infections, such as pimples and boils, but are 
also one of the most frequent sources of serious infec- 
tion in wounds and burns. Staphylococcus infection 
has been a major cause of death and invalidism in 
previous wars and also is a frequent cause of the bone 
infection, osteomyelitis. Recently several cases of 
staphylococcus infection of the blood where the sulfon- 
amides had failed and a fatal outcome seemed probable 
were rapidly cleared up by penicillin. Penicillin is 
also effective against streptococcus, pneumococcus, and 
some other organisms, but here the need for a new drug 





is less because of the efficacy of the sulfonamides which 
are now available. 

Although penicillin is effective in extremely high 
dilution in preventing the development of many 
disease-producing organisms, it produces no injurious 
effect on other living cells. Penicillin shares with the 
sulfonamide drugs an advantage over such commonly 
used antiseptics as iodine, silver nitrate, and bichloride 
of mercury in that when applied locally it is not fixed 
at the surface of the wound and may penetrate to the 
actual sites of bacterial multiplication. Penicillin 
may also be injected into the blood stream or be- 
neath the skin, as well as used locally on wounds, with- 
out injuring the normal processes of the body or pre- 
venting the growth of new cells, which is necessary in 
the repair of wounds and burns. The sulfonamide 
drugs are inhibited in their action by the presence of 
pus, which is formed by staphylococci, but penicillin 
is apparently unaffected by pus or any body fluid. 

Because of these highly desirable properties, there 
has been great clinical interest in penicillin and doctors 


‘would be glad to try it in a large number of cases. 


Its production from mold, however, is a difficult and 
space-consuming operation. Large areas of mold 
must be cultivated and tremendous quantities of ex- 
ceedingly dilute penicillin-containing culture fluid 
have to be extracted. The yield varies most un- 
predictably with slight changes or even with no de- 
tectable change in the nature of the culture medium. 
Until recently, there has not been enough penicillin 
even for limited clinical tests, but a newly developed 
process has made it available in larger quantities. 
Research recently reported in Science indicates 
that reacting some common alcohols with the most 
unstable portion of the penicillin molecule produces 
a more stable compound. This modified penicillin is 
only weakly antibacterial in the test tube, but so far 
seems comparable to penicillin in activity in a living 
organism. Eventually complete synthesis of penicillin 
may be possible, but this will have to await further 
knowledge of its molcular structure. This has been 
the object of intensive research for several years and 
now may be near realization. A recent article in the 
British Journal of Experimental Pathology indicates 
that penicillin may be a complex member of the very 
large aromatic, or coal-tar, group of compounds. It is 
possible that penicillin may eventually be synthesized 
from coal-tar-derived compounds. 
—Industrial Bulletin of Arthur D. Little, Inc. 
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in the Old Testament 
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F WE look into the Old Testament with the expecta- 
tion of finding a mass of chemical information, we 
are sure to be disappointed. The ancient Israelites 
were a pastoral people (1). Whatever scientific knowl- 
edge they had was borrowed from neighboring peoples, 
particularly the Egyptians, Babylonians, and Phoeni- 
cians (2). Hebrew wisdom was purely practical. 
Theoretical speculation was restrained by a strict 
monotheism and attempts to probe the secrets of God 
were discouraged by pointing to the futility of such 
efforts (3). 

Direct information, however, is given in the sacred 
book with regard to the sources, uses, and processes 
applied to a number of specifically identified metallic 
and nonmetallic substances. 


APPLICATION OF HEAT 


The most primitive operation to bring about chemical 
changes is the application of heat. The Hebrews 
were familiar with a variety of methods of applying 
heat to bring about chemical changes. 

The melting furnace used to refine metals was known 
as the kur (4). It is used figuratively to represent the 
testing of the individual (5) and the afflictions of the 
people as a whole (6). The trials of the individual are 
also compared to the testing of gold in the mazref, the 
goldsmith’s crucible (5). “The words of the Lord are 
pure words, as silver tried in a crucible” (7), the alil 
being used in this case (8). 

Fire was applied to other substances besides metals. 
The kibshan (9, 10) was a kiln for baking pottery or 
burning lime (11). It was characterized by the smoke 
which rose from it (9) and by the soot that was left 
in it (10). A similar structure was the attum (12), the 
“burning fiery furnace’ with a perpendicular shaft 
from the top to the bottom, opening at this point to 
enable the extraction of the fused lime (13). The very 
large kiln used for the manufacture of bricks was called 
the malben (14), which has the same root as the Hebrew 
for brick, /’benah (15). 

The portable baking oven, fannur (16), was a necessity 
in every household (17). It wasa large earthenware jar 
which was heated on the bottom and then had the 
dough placed on it (18). It is used as a symbol of the 
great heat that will be applied in the punishment of 
the wicked (19). With the return of the Jews to 
Jerusalem we read of the repairing of the tower of 
furnaces (20). Another structure used for baking was 
the kirayin, a portable cooking stone capable of holding 
two pots, as indicated by the plural construction in the 
Hebrew (21). 
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The hearth of the altar was the moked (22). There 
is a reference to a brazier used in the King’s palace (23). 

The fuel most commonly mentioned is coal, gahelet 
(24), which is really charcoal (25), since true coal is 
not found in Palestine (26). It is the live embers 
obtained from the peham, the unkindled embers (27), 
which were used by the smith (28). In one case a 
young son is referred to by his mother as ‘‘my coal 
which is left’’ (29). The hot coals were used to bake 
bread (30). They are also referred to as a symbol of the 
punishment for the wicked (31). Although the timber 
was scarce (32), the fuel was usually wood, as indicated 
by its use in sacrifices (33). Some of the sources of 
wood were rushes (34), thorns (35), and the broom 
shrub (36), the latter giving the best charcoal (37). 
The sources of the timber were often unusual, such as 
the wood of carts (38) and threshing instruments (39). 

The process of baking often involved the placing of 
dough on glowing stones or coal (40). A symbol of the 
exile of the Jews was their use of human and cow dung 
for fuel when baking (41). 

There is no information in the Bible to indicate how 
the Hebrews obtained fire (42). Its divine origin was 
unquestioned (43). Thus, ‘His fury is poured out like 
fire’ (44), shows that the Israelites attributed a fluid 
nature to fire. 


METALS, METALLURGY, AND METAL WORKING 


Although Palestine was noted for its lack of minerals, 
the Hebrews were definitely familiar with some proc- 
esses of mining and metallurgy. The identification 
of the metals known through their importation is 
difficult because we are not sure to what extent the He- 
brews distinguished between them (45). We may say, 
however, that gold, silver, iron, copper (or its alloys)! 
(46), tin, and lead (47) were known and used. It is 
worthy of note that the first four occur native or can 
readily be reduced to their native state (48). Gold, 
copper, and iron were known before the flood (49). 

From the several lists of the metals that we find (50), 
we may deduce the order in which the Israelites es- 
teemed the respective elements. This order is gold, 
silver, copper, iron, and lead. In the two references 
in Joshua (50), silver is placed before gold. The posi- 
tion of tin is uncertain. In one case this element is 
placed between iron and lead (51); another, we find it 
placed between copper and iron (52); and finally we 
discover it in the last position (53). 





1 The question of the identity of nehoshet will be discussed 
more fully below. * Meanwhile the term copper indicates the 
element and its alloys, bronze and brass. 
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The fact that the Jews did not have mines in their 
own country did not prevent them from figuratively 
referring to the search for underground treasures (54, 
55). This narrative, which is ‘‘obscure but follows the 
sequence of actual operations” (56), was probably based 
on information obtained by watching the Egyptians in 
Sinai (57). We read of the darkness in the remote 
depths, the breaking of the shaft, the swinging to and 
fro, and the inflow of water. 

Metal working was an ancient craft among the 
Hebrews (58), as may be inferred from the ascribing of 
its discovery to Tubal Cain (59). Yet, despite the 
knowledge of the craft among his own people (60), 
Solomon imported Phoenician craftsmen for the con- 
struction of the Temple (61). 

The removal of the dross from the metal, usually 
silver, is mentioned several times (62). The only 
part of the process described is the blowing of the fire on 
the ore to melt it (63) and the blowing of the bellows to 
consume the lead (64). This process of purification is 
usually indicated by a verb of the root zarof (65). 
The verb is used figuratively to indicate the catharsis of 
the individual (66) or of the nation (67) and the 
purity of the word of the Lord, 7. ¢., its having been 
tested (68). In the course of time, the word zoref (69) 
or nezaref (70) came to be used as a noun representing 
the smith, particularly the goldsmith. The goldsmith’s 
crucible, mazref (71) is also derived from the same root. 
Another verb depicting the process of purification 
of gold (72) and silver (73) is zakok. The silver is said 
to be refined seven times, which would seem to indi- 
cate its being passed through the flame that number of 
times. 

Very often the metal was molten (74) so that it could 
be cast (75). In this manner were produced the golden 
calf (76) and the silver idols which served as the object 
of the prophet’s polemics (77). Sometimes the solid 
metal was beaten, as in the golden cherubim (78), and 
candlesticks (79), and the trumpets of silver (80). The 
metals gold (81), silver (82), and copper (83) were often 
beaten into thin plates. Graven work overlaid with 
gold is mentioned (84). 

Reference is made to the process of engraving as 
applied to metals (85) and tablets (86) and appears to 
be similar to the procedure used in the case of precious 
stones (87). The sharpening of objects is also de- 
scribed (88). 


THE METALS 


An investigation of the multitude of references to 
nehoshet in the Old Testament is made difficult by the 
lack of exact knowledge with regard to the identity of 
this metal. The Hebrew equivalent is variously trans- 
lated as brass, bronze, or copper. The best interpre- 
tation is that copper is meant since this metal was 
known mainly in the natural state (89). We should 
bear in mind that the Latin and Greek words for cop- 
per also denote brass and bronze (90) and the same prob- 
ably applies to the Hebrew (91). As far as brass is 
concerned, even if it was known, the Hebrews were not 
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aware of the presence of another metal besides copper 
(92). We should remember that zinc was unknown 
as a pure metal (93). 

Information as to the source of the copper used by the 
Hebrews is limited, We read of its being obtained from 
the Hills (94), the reference probably being to Aleppo 
(95), since copper was unknown in Palestine proper 
(96). The capture of copper by David from Hadade- 
zer, king of Zobah (97), should be correlated with the 
presence of mines near Zobah (98). The trade of the 
Phoenicians in this metal, which was obtained from 
Cyprus (96, 99), is referred to (100). 

Copper or bronze was often used for armor (101) 
and hence was numbered among the spoils of war (102). 
In general, copper was preferred when a durable 
substance for objects commonly used was desired. 
Thus, it was used in the Tabernacle (103) for the 
clasps or taches for the curtains (104), sockets for the 
screen (105), overlaying of the altar (106), the grating 
and rings of the altar (107), the covering of the staves 
of the altar (108), the sockets of the pillars and the pins 
of the court (109), the laver (110), and all the vessels 
(111). Similarly it was used in Solomon’s Temple 
(112); the pillars and their capitals (113), the sea 
with its bases and their wheels and axles (114), the 
altar (115), the lavers (116), the scaffold (117), and 
the vessels (118). The amount of copper used in the 
construction of the Temple was so tremendous that 
it could not be weighed (119). Moses’ serpent which 
was used to cure the persons bitten by the ‘‘fiery ser- 
pents” (120) and which was later worshipped as a 
deity (121) was made of copper, undoubtedly because 
of its durability. We can only speculate as to the 
etymological relation between nehoshet and the Hebrew 
for serpent, nahash. 

The properties of copper were often used figuratively. 
Its hardness was used for comparisons of the hardness 
of heaven and earth during drought (122), the strength 
of the doors that God breaks (123), fortitude (124), 
and stubborness (125). The sparkling of the copper 
(perhaps brass) is used to represent a glistening object 
(126). In one case “‘the house of Israel’’ is as the dross 
of silver, one of whose elements is copper (127). The 
edge of the vessel, nebushah, denotes the filthiness of 
women (128). J 

Copper was used for shackles, particularly for war 
captives, as indicated by the similarity of the word 
for shackles, nehushtayim, to nehoshet (129). 

The use of a plumbline is referred to once (130). 

There can be no question as to the high esteem in 
which the Hebrews held gold. This high esteem is 
indicated by the use of the metal in the Tabernacle 
(131) for the ark (132), the cherubims (133), the table 
(134), the candlesticks (135), the boards and pillars 
(136), the altar (137), the vessels (138), the clasps 
(139), and the priestly vestments (140). Similarly 
it was used in the Temple of Solomon for the overlaying 
of the house, doors, and floor (141), for the altar (142), 
for the cherubim (143), for the candlesticks (144), and 
for the vessels (145). Gold was the most precious kind 
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of money known and hence was often numbered among 
the spoils of war and among the tribute paid by van- 
quished kingdoms (146). We can therefore under- 
stand the frequent references to gold as a symbol of 
wealth (147). 

The metal was frequently used for ornamentations 
(148). Some of the objects for which gold was used 
were wedges (149), shields (150), vessels (151), the 
king’s crown (152), throne (153), and scepter (154), 
candlesticks (155), couches (156), and in clothing 
(157). Its high esteem explains its frequent use for 
idols (158), among which are included calves (159). 

Palestine itself had no source of gold, as is indicated 
by frequent references to its importation. Some of the 


‘foreign sources are the land of Havilah (160), which is 


believed to be in the neighborhood of Damascus (161), 
Ophir (162), a district in southeastern Arabia (163), 
Tarshish (164), a distant western point of uncertain 
identity (165), and Uphaz (166). Some of the in- 
dividuals who contributed to the supply of gold for 
Solomon’s, Temple were David, who numbered it among 
the spoils of war (167), Hiram of Tyre (168), and the 
queen of Sheba (169). 

Besides zahab some of the other words used for gold 
were parvayim (170), haruz (171), ketem Ophir (172), 
and paz (173). The differentiation between the 
various names is not clear although- the last two seem 
to indicate the source of the metal. 

The chief use of silver was as money and we even 
find that the word for silver, kesef, is used for money 
(174). Silver was used for many articles: trumpets 
(175), chains (176), vessels (177), candlesticks (178), 
ornaments (179), crowns (180), studs (181), pillars 
(182), turrets (183), rods (184), and tables(185). It was 
often used for idols (186). Silver was used sparingly in 
the Tabernacle (187) for the sockets (188), fillets of the 
pillars (189), hooks (190), and overlaying of capitals 
(190). In the construction of the Temple, no specific 
use of silver is mentioned, and it is even said that it 
was so abundant that it was of no value (191). Yet, 
we read later of its use for the vessels of the Temple by 
the Babylonians (192). As in the case of gold, we find 
the metal used to represent wealth (193). The only 
source of silver given is Tarshish (194). 

Another metal mentioned several times is hashmal, 
used as a simile for brightness and usually trans- 
lated electrum (195). Although there is some un- 
certainty as to its identity, the most prevalent opinion 
is that it is an alloy of gold and silver (196). We must 
bear in mind the fact that this alloy was found in the 
native state and was considered an independent metal 
till the sixth century of the present era (197). We 
may add here that in modern Hebrew the word for 
electricity is the same hashmal (198). 

An early knowledge of iron is indicated by the 
attributing of its use to Tubal Cain (199). It is 
doubtful, however, whether Palestine itself contained 
any iron (200). The rocks of iron (201) and Og’s iron 
bedstead (202) were probably natural rock formations 
of black basalt containing 50 per cent iron (203). Iron 
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. was traded by the Phoenicians (204) who apparently 
obtained it from Tarshish (205). It is also enumerated 
among the spoils of war taken from the Midianites 
(206). 

When sharp objects were needed, iron was the metal 
used—in pens (207), axes (208), spear heads (209) 
threshing instruments (210), armament (211), and nails 
(212). It was also used for vessels (213), bars and rods 
(214), chariots (215), and fetters (216), and yokes 
(217). Figuratively iron represented hardness (218) 
and strength (279). An iron neck was a symbol of 
extreme stubbornness (220). 

The use of iron tools in the construction of holy 
places was strictly forbidden (221), probably because 
the iron used was imported. 

Lead is referred to several times, mainly as one of 
the drosses of silver (222), in which sense it is used to 
represent those that stray from the path (223). It is 
enumerated among the spoils taken from the Midia- 
nites (224). Like the other metals it was obtained 
by the Phoenicians from Tarshish (225). Lead was 
used to fill in the letters of an inscription in rock (226, 
227). The use of the sinking of lead in water to de- 
scribe the drowning of the Egyptians in the Red Sea 
(228) is connected with the use of lead by Egyptian 
fishermen as sinkers (227). 

Tin was considered an impurity in silver (229) and 
was obtained by separation as its name indicates (230). 
It was also among the prizes of war taken from the 
Midianites (224) and among the metals obtained by the 
Phoenicians from Tarshish (225). 


COMPOUND SUBSTANCES 


To say that ancient Hebrew knowledge begins and 
ends with the metals is incorrect. Besides metals, the 
Jews used other materials which we designate as com- 
pound substances. 

That salt was known and commonly used for a 
variety of purposes by the ancient Hebrews is seen from 
the numerous references to it in different connections. 
It is enumerated with other commodities such as wine, 
wheat, and oil (231). In addition, several places are 
named through their association with salt: Ge-melah 
(232), Tel-melah (233), and Irhamelah (234). 

The importance of salt is seen from the prophecy of 
Ezekiel in which the purifying action of the Temple 
well is described (235, 236). 

Salt was used on sacrifices (237) and with food in 
general to give it taste (238). Its use in this manner is 
connected with its being a symbol of the permanence of 
a covenant (239) which was due to the observation 
that salt does not undergo decay (240). 

A knowledge of the medicinal properties of salt is 
illustrated in its use by the prophet Elisha to rid the 
River Jordan of a plague with which it was infested 
(241). Its use by the midwife on the newborn child 
after the cutting of the navel is also described (242). 
This practice is followed to this day in the Near East 
to protect the child against evil spirits (243). 
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On the other hand, it is interesting to note that salt 
is used several times as a symbol of perpetual desola- 
tion (244). Several explanations have been offered 
for this association. It must have been known that 
an excess of salt on the ground makes the soil sterile 
(245). This fact was further indicated by the absolute 
barrenness of the region near the Dead Sea (246). 
Other references suggest still different explanations 
(247, 248). 

Although there are two Hebrew words, neter (249) 
and borit (250), commonly translated as soap, and a 
third similar one, bor (251) whose use as a cleansing 
agent is implied, these substances are not really soap 
as we understand it, but rather alkalies obtained from 
different sources. Neter is not the modern nitre, which 
was unknown to the ancients (252), but rather natron 
(sodium carbonate) (253). This substance therefore is 
a mineral alkali whereas borit is a vegetable alkali 
(254). An interesting aid in identifying these alkalies 
as the carbonates is the verse which refers to the 
effervescent action of vinegar on neter (255). 

The third substance, dor, is a mixture of water and 
the ashes of wood and plants, the water dissolving the 
alkali salts of the ashes (256). A recent standard 
Hebrew dictionary defines bor as a mixture of water 
and neter (257). 

A field outside Jerusalem was named after the 
cleaners who were regarded as skilled craftsmen (258). 

Glass was one of the greatest luxuries known to the 
Hebrews (259). The “treasures hid in the sand” 
mentioned in Moses’ blessing (260) referred to the white 
sands of Akko on the Mediterranean coast used for 
glass manufacture (261). Tacitus tells us that ‘‘sands 
are mixed with nitre, dissolved by the action of fire and 
soon afterwards harden into glass’ (262). The great 
value of glass may be appreciated from the mentioning 
of windows only in Solomon’s Temple (263) and the 
King’s palace (264). 

Vinegar was the only acid known to the ancients 
(265). It is reasonable to assume that the word trans- 
lated vinegar, hemar, is used for any acid drink (266). 
Vinegar was obtained from wine or cider (267), either 
from the lees or by the addition of barley to the wine 
or cider (268). That its relation to fermentation was 
known is shown by the fact that its root is hamor, 
meaning to ferment (269). Its action on natron was 
also known (270). 

Vinegar was used as a drink (271) and as a seasoning 
with food (272). That it was not thought of very 
highly as a drink may be inferred from the plaint of 
the Psalmist that it was given to him by his enemies 
when he was thirsty (273), and also from the knowl- 
edge of its effect on the teeth (274). 

Dyes were known to the ancient Hebrews and were 
considered as a mark of wealth. We read of ‘‘coats 
of many colors’ worn by Joseph (275) and by Tamar 
(276). Dyes were also among the spoils of war (277). 
Colored garments were known, and are referred to in 
similes (278). Although the knowledge was .obtained 
from foreign countries (279), familiarity with the 
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process of dyeing is shown by the reference to dipped 
attire (280). 

The three dyes, ‘“‘blue, and purple, and scarlet,” 
are continually mentioned as a unit in the description 
of the vestments and the appurtenance of the Taber- 
nacle (281). The description of these dyes is rather 
vague and the absolute identification of a specific shade 
is impossible (282). 

The blue dye, fekelet, was used in the Tabernacle 
(281, 283) and Solomon’s Temple (284). Most often 
it was used to dye linens (285). Indigo, obtained by 
the Egyptians from India, was probably the dye used 
(286). Ezekiel’s prophecy suggests that the dye 
was brought from India by the Phoenicians (287). 

Purple, argaman, was also used for the vestments of 
the Tabernacle (281, 288) and the Temple (289). 
Many references refer to the dyeing of clothing with 
this substance (290). In one case (291) it is used 
metaphorically to describe the beloved one’s hair, the 
reference being probably to the brilliance rather than 
to the color. The dye was the famous Tyrian purple, 
extracted from a small gland in the throat of the shell- 
fish Murex. The shells are found adhering to rocks in 
the Mediterranean (292). 

The scarlet dye, shani, was probably the one most 
commonly used. Besides its use in the Tabernacle 
(281, 293), we read several times of red threads used for 
various purposes (294). The frequent occurrence of 
the word tola, meaning insect (295), with shani points 
toward the origin of the dye, the cochineal-like insect 
kermes which lives on the Syrian Holm-oak (296). 
Hoefer offers the interesting suggestion that the root of 
shani shows that the substance was immersed twice into 
the dye solution (297). 

The use of other red dyes, the identity of which 
cannot be established, is indicated by references to 
“skins dyed red” (298) and to crimson, karmil, with 
which some of the temple linens were dyed (299). 

There was a bold use of tint in ancient times (300), 
yet there are but two direct references to paints used 
(301). In both cases we read of the use of vermillion, 
shashar, for the decoration of walls. In the second case 
(302), the text tells of images painted on walls. This 
paint was the red oxide of lead (303). 

Several references point to the use of a black powder, 
puk, by women to darken the edges of the eyelids (304). 
This powder contained stibnite, cupric oxide, lead 
sulfide, and even the powder of lampblack or burnt 
almonds. Stibnite, the most precious component, was 
imported (305). In the phrase “paint thine eyes” 
the Hebrew root of the verb indicates a blue color 
(306, 307). The high value of puk in Biblical times is 
shown by its inclusion among the highly treasured 
objects used in the construction of the Temple (308) 
and the prophecy of its abundance in the days to come 
(309). 

After his recovery, Job named one of his daughters 
Keren-happuch, ‘“‘horn of eye paint” (310). 

In the story of Esther we read of ointments or lotions 
of uncertain composition (311). 
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In their writing (312) the Hebrews used an ink, 
deyo (313), the principal ingredient of which was lamp- 
black (314). Olmstead describes potsherds dating 
back to the time of Omri, Ahab, and Jeroboam II. 
These pieces from the broken pots were marked with 
notes scribbled with carbon ink (315). 

An early knowledge of wine, yayin, among the 
Hebrews is indicated by the ascription of its use to 
persons mentioned early in the Biblical narrative: 
Noah (316), Abraham (317), Lot’s daughters (318), 
and Isaac (319). In the latter case it is mentioned 
among the blessings of the soil. 

The winepresses were underground excavations 
(320). These constructions consisted of two levels. 
The grapes were placed into the upper level, gat 
(321), which was both large and shallow; the ex- 
pressed juice was collected in the lower level, yekeb 
(322), which was both small anddeep. The two levels 
were separated by a partition of native rock. This 
partition was pierced to form a hole through which 
the wine flowed from the upper to the lower level (323). 
The juice was usually expressed by treading (324). 
The term ‘‘foaming wine,” hemar (325), indicates knowl- 
edge of a secondary fermentation. The role of the 
dregs was appreciated (326). The settling of the lees 
is used to symbolize ease and repose (327). Very 
often the wine was blended with aromatic substances 
(328). 

There was another beverage, shekar, that was al- 
most as common as wine (329). It was probably the 
fermented juice of plant products other than the grape 
(330). : 

The prohibition of the use of leaven and hence 
leavened bread during the Passover holiday is well 
known (331). The substances that had undergone 
such fermentation were also prohibited at sacrifices 
(332). The leaven, a piece of old fermented sour dough, 
was kneaded with the fresh dough (333), and after the 
fermentation had proceeded, a portion was set aside to 
be used as the inoculum for the next batch of dough 
(334). It can be readily understood that originally 
bread was unleavened (335) and that even later, 
the fermentation was omitted in ordinary life (336). 
The reason for the prohibition against the use of leaven 
was probably due to its being regarded as something 
old, corrupt, and associated with putrefaction (337). 
Further evidence of the higher status of unleavened 
bread is its having been served by Lot to the Angels 
(338). 

The building materials used by the Hebrews were 
varied. The finest buildings were made of stone, usu- 
ally the limestone of the mountains (339). The most 
common materials were bricks made by mixing clay 
with teben, chopped wheat, or barley straw, and then 
allowing this mixture to air-dry (340). The use of a 
brick-kiln, malben, is mentioned (341). Asphalt, 
bitumen, or pitch (342), obtained from the Dead Sea 
(343) and slimepits (344), was converted into mortar 
or potter’s clay, homer (345) and melet (346). In its 
liquid form, the bitumen was used as pitch (347). 
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Two forms of plaster, tiah (348) and sid (349), were 
used. This plaster consisting of lime or gypsum was 
often applied to walls before painting (350). The 
identification of sid is indicated by the prophet who 
inveighs against Moab “‘because he burned the bones 
of the king of Edom into lime (sid)”’ (351). A varnish 
kopher, was used to waterproof papyrus boats (352). 

Frequent references to earthen vessels in the Old 
Testament (353, 354, 355, 356, 357), indicate that 
pottery was a widespread art (358). These vessels 
were used in everyday life (353) and in sacrifices (354). 
Pottery frequently symbolized an easily breakable ob- 
ject (355). The sherds were used “‘to take fire from the 
hearth” (356). The roughness and sharpness of these 
vessels are used figuratively (357). Specific details 
regarding the manufacture and particular forms of 
pottery are few. The potters apparently had their 
quarter in a valley at the outskirts of Jerusalem (359) 
where they obtained their clay (360). A description 
of the potter’s home mentions the use of wheels (361). 
The control exercised by the potter over his raw 
materials symbolizes the control exercised by God over 
his creature, man (362), and over the universe as a 
whole (363). This superiority of master over material 
describes the superiority of Cyrus over his enemies 
(364). The failure of clay to mingle with metals is 
also used figuratively (365). 

We read of a bottle, called bakbuk, probably after 
the sound produced by knocking on it (366). 

Sulfur is mentioned a number of times in relation 
to divine judgment (367), but none of its uses are stated. 
Its usual association with fire (367, 368) seems to 
indicate that it is really sulfur dioxide with its char- 
acteristic odor that is meant. 

The melting of wax, donag, is used figuratively several 
times (369, 370, 371). In one case the comparison 
involves the heart of a man beset by his enemies (369). 
In another case we find it used to symbolize the manner 
in which the wicked shall perish (370), and in still 
another case it is likened to the melting of the moun- 
tains before the might of the Lord (371). 

There are two substances which are mentioned speci- 
fically as being used as medicinals. These are oil (372) 
and balm of Gilead (373). 

Finally there is a single reference to a solder, debek, 
used by the smith (374). 

The survey of chemical knowledge in the Old Testa- 
ment has shown a definite familiarity with both simple 
and compound substances. It is important to note 
that all this knowledge is practical and empirical. 
There is no attempt to correlate any available informa- 
tion or to broaden it and formulate a hypothesis of any 
kind. The only hypothesis offered by the Hebrews 
was the notion of monotheism, if we may consider it a 
scientific hypothesis (375). 

The contribution of the Hebrews to our civilization 
was the concept of moral unity contrasted with the 
scientific concept of physical unity postulated by the 
Greeks (376). 
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A new and surprising use for glass is in the construction of springs, for stresses up 
to 2000 pounds per square inch. In some ways it is better than steel for this purpose, 
being more truly elastic, retaining its elasticity over a wider range of temperature, and 


being resistant to acids and apparently to fatigue. 


One glass spring tested had shown 


no signs of failure after 8,000,000 compressions in a mist of sulfuric acid. 


Steps are being taken to bring back into use for war purposes approximately 1500 
tons of tin now idle because it is locked up in surplus stocks or excess inventories of 


type metal and babbitt. 


Tin recovered by treatment and separation of the component metals in lead- 
antimony-tin alloys later will come back into the market in the form of electrolytic 
tin, thereby increasing the available supply of the urgently needed metal. 

The antimonial lead remaining after removal of the tin will be recovered in the 


form of antimony and lead. 








Out of the Editors Bashet 


Or OF OUR correspondents was somewhat 
agitated over the fact that news releases of 
government-bureau advertising have been urging 
housewives to save kitchen fats “for gunpowder.” It 
was suggested that this might cause some confusion in 
the minds of young students of chemistry whose idea of 
gunpowder called up visions of “‘sulfur, charcoal, and 
niter,’’ but who also knew something of the relation of 
fats to glycerin and its nitrate. Just what relation did 
fats have to gunpowder, presumably of the smokeless 
variety? Perhaps other teachers will be asked this 
question by their students. To be certain on this 
point we asked the opinion of our best qualified ex- 
plosives expert, Dr. Tenney Davis, who replied as 
follows: 

‘The fats are undoubtedly used for the preparation 
of glycerin which is converted into nitroglycerin—and 
the nitroglycerin is used in the preparation of smoke- 
less powder of the ‘‘double-base” variety either of the 
ballistite or of the cordite type. The standard cordite 
which the British use as a propellant consists of 30 
per cent nitroglycerin, 65 pes cent guncotton, and 5 
per cent vaseline. The components are brought to- 
gether in the presence of acetone with which they form 
a jelly. This jelly is extruded through dies in a 
hydraulic press and emerges as a cord of circular or of 
oval cross section. The acetone is then allowed to 
evaporate. The finished cordite exists in flexible 
pieces having the translucency and general appearance 
of horn, but soft enough to be scratched by the finger- 
nail or to be cut easily by a pocket knife. 

‘‘Ballistite resembles cordite in its composition, but 
exists in strips or flakes. Some ballistite contains as 
much as 40 per cent nitroglycerin, some contains as 
little as 5 or 6 per cent. Double-base powders are 
also made which contain such materials as dinitro- 
toluene, trinitroxylene, nitroguanidine, corn starch, etc., 
which materials serve to make powders flashless or to 
reduce their erosiveness. The powders are called 
cordite or ballistite according to their shape. 

“In peace time, far more nitroglycerin is used for 
making dynamite than for making propellent powder. 
So far as I know, however, dynamite is not used by the 
Army or the Navy except in engineering operations.”’ 


@ For the first time, one of the Baker Fellowships has 
been awarded toa woman. The recipient of the Baker 
Midwestern Research Fellowship is Miss Margaret 
Elizabeth Griffing, of Lexington, Kentucky. It will be 
remembered that Miss Griffing presented a paper on 
the Student Program at the Cincinnati Meeting of the 
A. C. §. on the “Determination of ionization constants 
of weak electrolytes by e. m. f. methods.’ Later she 
was the coauthor, with L. P. Biefeld, of two papers on 
color nomenclature in qualitative analysis, published 
in THIS JOURNAL in June and July, 1942. 


@ Two of our correspondents, Mr. Harold J. Abrahams 
and Mr. Harold S. Kimmelman, of the Central High 
School of Philadelphia, sent us recently a reproduction 
of a mural painting which the latter has painted for 
their chemical laboratory. Unfortunately, the colors 
of the original cannot be adequately reproduced in a 
black and white photograph, but the pen and ink 
sketch, shown below, gives a fair idea of its principal 
features. We think these are interesting enough to 
quote at some length from their own words: 

“To suggest the richness of the adventure that is 
science it seemed appropriate to use bright and glowing 
color tones. A medium was selected which would best 
develop and present the feeling of texture as well as 
that of such forces as heat and light.... The medium 
used was oil tempera. An underpainting in terra- 
verte, burnt sienna, and zinc white provided the 
illuminating effects that could be amplified with color 
to the desired quality. The mural was painted upon 
a geso board, a surface used by the old masters, which 
is having a modern comeback. The surface is very 
pleasing and resembles that of plaster... . 

“The two ends of the mural produce contrast. At 
the right, the great, powerful gear wheel is the anti- 
thesis of the antiquated water wheel at the left. In 
further contrast one sees at the left of the picture the 
elements of nature doing man’s bidding and at the 
right those created by man: water wheel on the left 
opposed to the gear wheel on the right; windmill on 
the left opposed to the gasoline engine on the right. 
The alchemist at the left side and the chemist at the 
right provide a double contrast. Historically the 
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blatant personality of the alchemist was important and 
his work was of secondary significance. This is sug- 
gested by representing him in the foreground and his 
work in the background. Modern chemical manu- 
facture has lost much of this personal nature, a fact 
which is stated in the mural by the foreground position 
of the work and the rearward position of the modest 
worker. 

“The play of old against new is amplified by the 
next figures—the ancient retort and the modern reflux 
condenser. Great factories in the near distance form 
the somber playground of the chemist. A huge ladle 
is visible behind the controlling test tubes, so vital in 
the regulation of the product. Through the smoke 
which pours from the factory chimneys the electronic 
diagram declares the pattern of universal creation. 
A numerical symbol announces the important role of 
mathematics. ... 

“Just as the factories formed the background for the 
right side, so books serve in this capacity for the 
central figures, consisting of teacher and students en- 
grossed in the learning process. Near by an x-ray 
bulb radiates upon a model of a compound molecule, 
setting the stage for a future in which light will guide. 

“The atmosphere created by this picture is both 
pleasing and inspiring. A chemical laboratory can be 
a drab and, to some students, a very. forbidding place. 
We believe that this mural adds a human touch to the 
room and contributes a cheery friendliness previously 
absent. There is no longer any need to say with John 
Joachim Becker (1660), ‘The chemists are a strange 
class of mortals who seek their pleasures among soot 
and flame, poisons and poverty... .’”’ 


e@ Brigadier General Alden H. Waitt of the Chemical 
Warfare Service, speaking recently at the award of the 
Army-Navy “E” to the Standard Oil Company of 
New Jersey, said: ‘“The Axis has a tremendous ad- 
vantage in location. German research can devise a 
munition, develop it, and put it on the battle field in 
much shorter time than we can and that solely because 
of geography. We must be at least three months 
ahead of our enemy to be even with him. The man at 
the front counts on you not only to out-produce the 
enemy but to out-think him. On the application of 
our scientific discoveries may rest the fate of the world. 

“When the history of this war is written the nation 
will have a better appreciation of the contribution of 
research and development toward the conservation of 
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our liberties and independence. Meanwhile it is 
gratifying to know that the destructive weapons that 
you have developed here can be changed overnight to 
the uses of peace after the victory has been won. Dis- 
coveries that in time of peace might never have been 
made will be available when this war is won and we 
enter the century of the common man to make it truly 
a golden age. Few workers in this war have the double 
satisfaction of blasting the enemy and bringing on the 
millenium at one and the same time.” 


@ We understand that fertilizers and other mixtures 
containing potassium are now being analyzed by the 
Geiger Counter, which accurately records the radio- 
activity of the material. This is directly proportional 
to the potassium content. This method is said to 
surpass the conventional chemical methods both in 
speed and accuracy. 


e@ The Standard Oil Company of New Jersey has 
issued a mimeographed booklet, entitled ‘‘Background 
Data on 100-Octane Gasoline,’ which is interesting 
reading not only to chemists but to all who want to 
understand the many technical aspects of the war. It 
gives an account of the history of the development of 
high-octane fuel, its manufacture, and its potentialities 
for war and peace, and explains the economic and 
strategic choices related to it. It tells how everyone 
underestimated the necessity for production of high- 
test fuel until very recently, when the strategic value 
of air power forced it upon us. The various factors 
involved in fueling huge numbers of planes, however, 
call for definite decisions and choices which must be 
made. Since these summarize the whole story very 
adequately we are quoting them in full: 


“The various factors involved in fueling huge numbers of 
planes, however, call for definite decisions and choices. Some 
of these are as follows: 

“1. Some relationship must be observed in allocating steel 
and other metals to building planes and to building the plants to 
make fuel for those planes. That is, for every pound of critical 
material set aside for plane manufacture, so many pounds are to 
be set aside for cat crackers and alkylation plants. 

“2. At the same time that materials are allocated to building 
planes and fuel plants, consideration must be given to the steel 
and other materials to build tankers to transport the fuel. 

“3. Decision must be reached as to whether using steel for 
more gasoline capacity and tankers would curtail the amount of 
steel available for building Liberty ships and, if so, whether the 
metal might more practically go into the latter. 

“4. Decision must be reached as to how much high-octane 
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production in a given period shall be devoted to fighting planes 
and how much to cargo planes. That is, production in the differ- 
ent aircraft categories must be viewed not only from the stand- 
point of tactics but also of logistics. 

“5, The American people will probably face further choices 
between high-octane fuel for the nation’s air fleets and gasoline 
for automobiles, for although production of aviation fuel does 
not necessarily mean production of less automobile gasoline from 
a given amount of petroleum, the two products compete for 
transportation facilities. The heavily populated and highly 
industrialized East, for example, produces only about 20 per 
cent of the gasoline it uses in normal times. Of the balance 
shipped in, by far the greater part was formerly moved by water. 
Because of the submarine menace and the pressing need for tank- 
ers to supply Allied forces overseas, there is tremendous pressure 
upon tank-car transportation, and ordinary civilian driving ob- 
viously must suffer. 

“6. The American people on the East Coast must choose be- 
tween how much more high-octane gasoline we shall have and 
how much fuel oil for heating. 

“7, Basic decisions must be made regarding production of 
synthetic rubber. We are cut off from the chief sources of 
natural rubber. But substitutes for rubber can be made from 
petroleum. They can also be made from alcohol produced 
from grain or sugar. The plants to produce synthetic rubber 
(whether from petroleum or alcohol) use steel and critical mate- 
rials that might also be used to build additional high-octane 
gasoline facilities. Ways must be found to obtain the most 
rubber, of best quality, in the shortest time, consonant with 
needs for fuel to operate our planes. 

“8. Decisions must be reached concerning oil transportation 
facilities within our own borders—the building of pipelines and 
the use of existing pipelines and railroad tank cars. Problems of 
domestic transportation are among the most important facing 
the oil industry. Because of the location of various processing 
plants, built in times of peace, it is necessary to transport not 
only crude oil but also, in some instances, partly refined products 
for further processing. As an example, crude production in 
Illinois is declining and the same is true in Oklahoma. To keep 
refinery capacity in these areas working fully, they could use 
additional quantities of crude shipped from the Gulf Coast and 
Texas.” 


e A metal-shaping technique known to the Egyptians 
4000 years ago has been brought up to date to aid war 
production at the Westinghouse Electric and Manu- 
facturing Company. Using powdered iron, technicians 
at the Company’s research laboratories are fashioning 
small magnets for electrical circuit breakers—auto- 
matic switches controlling the flow of power in war 
plants and aboard naval vessels. 

The process closely resembles the art of brickmaking. 
Just as bricks are fashioned by pressing clay in a mold, 
magnets are formed from iron powder by pressing the 
powder in a finely machined die. And just as bricks 
must be baked in a kiln to harden, the magnets are 
sintered or fired in a furnace with a hydrogen atmos- 
phere. The hydrogen prevents oxygen from reaching 
the metal and forming an oxide coating on the magnets. 

To make these magnets a plunger is fitted into the 
powder-filled die and both plunger and die placed in a 
hydraulic press. As the plunger is pushed down into 
the die cavity, the particles of metal are squeezed 
closer and closer together until finally each one is 
welded to its neighbors. But the magnet taken from 
the die is still weak. It is then fired in a furnace kept 
at a temperature far below the melting point of iron 


JOURNAL OF CHEMICAL EDUCATION 


but high enough to force metal atoms to travel from 
one particle to another, knitting the whole structure 
tightly together. Powdered metal parts can be pressed 
to within a thousandth of an inch of the size desired. 
This reduces tedious machining and saves scrap. 

A variation of this trick of making tough metal from 
powders makes possible the low-cost and long-lived 
electric lamps now in use. Heart of an incandescent 
lamp is the glowing filament made of tungsten wire. 
Tungsten is the most suitable material for filaments 
because it will not melt at the high temperatures 
caused by the electric current but this same quality 
makes it expansive and troublesome to melt and cast. 

Powdered tungsten provided a way out of this diffi- 
culty. Tungsten ore, a coarse brown powder, is chemi- 
cally treated to convert it into yellow tungstic oxide, 
also a powder. This is put into metal “boats” and 
placed in airtight steel pipes enclosed in gas-heated 
furnaces. The “‘boats’” are moved forward through 
the pipe into higher and higher temperatures while 
hydrogen gas flows over them. This removes all 
water and oxygen and leaves pure tungsten powder. 

Then the powder is squeezed with pressures of 20 
tons per square inch to form it into a two-foot-long bar 
less than a half inch thick. This bar, resembling a cake 
of compressed talcum powder, is baked in a hydrogen 
furnace and then placed in a hydrogen-filled metal 
“bottle” while an electric current is passed through it. 
For the first time the material takes on a metallic 
appearance. 

Next the bars are heated and hammered into rods 
which can be drawn into wires one-fifth the thickness 
of a human hair. In the last stages the tungsten 
strands are pulled through tiny holes in diamonds so 
that the metal crystals are elongated and plaited into 
each other, just as manila rope is made strong by 
twisting thousands of fibers together. 

This material is stronger than the highest grade of 
steel used in building bridges and skyscrapers. An 
inch-square bar of tungsten, for example, can stand a 
pull of 250 tons, while the highest grade of structural 
steel snaps under a load of about 100 tons. 


e@ Most cargo planes now in transoceanic operation re- 
quire more tankers to keep them in service than they 
replace in freight ships, according to the Standard Oil 
Company (N. J.), whose technologists have completed 
a survey of fuel requirements for cargo planes. 

“The military value of the cargo plane lies in its 
flexibility, its speed in getting vitally needed equipment 
to the fighting fronts, its safety from surface or sub- 
marine attack, and the number of ships it replaces,” 
Standard of New Jersey said. ‘Most of these quali- 
ties the plane will always have. But aside from the 
heaviest type of carriers, of which only a few have been 
built so far, every cargo plane now in operation re- 
quires more tankers to keep it in service than it replaces 
in freight ships.”’ 
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The Action of War Gases’ 





CHAUNCEY D. LEAKE, University of Texas, Medical Branch, Galveston, Texas, 
and 
DAVID F. MARSH, University of Georgia, Athens, Georgia 


HE MECHANISM of action of war gases is little 

appreciated even by medical, biological, and chemi- 
cal experts. There is not only confusion of thought 
and of published data and recommendations, but also 
general misunderstanding of a broad and peculiar 
psychological character. 

War gases are political and psychological weapons as 
well as tangible military tools. Panic is a desirable 
action to produce in one’s enemies. It usually results 
from a misunderstood reality of what is conditioned by 
anticipated fear. Fear generally springs from ig- 
norance. The majority of people are pathetically ig- 
norant of war gases. There is, therefore, a general 
fear of them. The threat of their use, or their possible 
use in total warfare, is almost certain to produce panic, 
particularly among civilian populations. It would 
seem that the logical way to prevent this panic is to 
give as much information as possible regarding war 
gases. This information would at least tend to dispel 
ignorance about them. The information available 
about war gases would tend to increase one’s respect 
for them, but should reduce one’s fear of them. If the 
fear of them is removed, there might be less tendency 
for panic, should they actually come upon us. 

It is trite to recall that this is a total war. It is 
nevertheless a relatively new experience for most 
human beings, and we are by no means adequately 
prepared for it. The effectiveness of civilians in total 
war depends on their ability to carry on in the face of 
whatever may happen. England has set us a mag- 
nificent example in this respect. It is important that 
civilians differentiate carefully between the circum- 
stances under which soldiers must carry on, and those 
which are possible for civilians. 

The prime purpose of a soldier is to seize, occupy, 
and hold ground. He can’t run away. Civilians, 
however, may take shelter, and may go away from 
places which. are likely to be bombarded or exposed to 
war gas. For soldiers, to hold land exposed to war gas, 
it is necessary that they be carefully and fully pro- 
tected. Civilians, however, do not need the elaborate 
protection which is necessary for soldiers. These con- 
siderations have enormous consequences economically 
and politically in connection with the possibility of 
panic from the use of war gas. 


ECONOMIC ASPECTS OF WAR GAS ACTION 


It is important for civilians to appreciate that it is 
possible to improvise reasonably satisfactory protec- 





* Paper presented at the “Symposium on Civilian Prepared- 
ness for Chemical Warfare’’ conducted by the Division of Chemi- 
cal Education at the 105th meeting of the American Chemical 
Society, Detroit, Michigan, April 12-16, 1943. 
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tion against whatever war gas may be thrown among 
them, without the necessity of being provided with gas 
masks or protective clothing. Gas masks and pro- 
tective clothing take enormous quantities of material 
needed for military purposes. Gas masks take steel 
and rubber. Providing masks for all civilians who 
might be exposed to war gases would divert enormous 
tonnage of steel and rubber from offensive weapons. 
Our enemies know this. If our enemies can make us 
afraid of war gases, and if they can persuade us that we 
must have gas masks with which to protect ourselves, 
they know that they will not suffer as severe offensive 
action as if we were to turn every bit of our steel and 
rubber against them. We should remember that the 
best way to protect ourselves is to beat our enemy in 
his own back yard. 


PSYCHOLOGICAL ACTION OF WAR GAS 


In May, 1942, Prime Minister Churchill and Presi- 
dent Roosevelt solemnly joined in warning our enemies 
against the use of war gases. They stated that if war 
gases were used against us or our allies, we would 
promptly retaliate. They both went on to infer that 
the use of war gas is uncivilized, indecent, and in- 
humane. It is quite obvious from their statements, 
however, that we are fully prepared to use war gas if 
necessary. Obviously the statement that war gases 
are indecent and inhumane and that no civilized 
country would use them was designed for its psycho- 
logical effect. It is desirable to promote a feeling of 
guilt in one’s enemies. It is desirable also to issue 
solemn warnings about what may happen in case the 
enemy does something that one may not wish him to do. 
But it is necessary to win. So far we have always won, 
and then it becomes very convenient at the peace table 
to fasten guilt upon our erstwhile enemy. It is neces- 
sary that we understand these matters in order that 
we shall not be fooled by the psychological trap we are 
attempting to set for our enemies. 

It may seem peculiar to discuss matters of this sort 
with a technical group. However, it is of vast import- 
ance in connection with the action of war gases, since 
it involves the general feeling of the populace regarding 
the use of these agents. 

It is interesting that these factors were first empha- 
sized by Curt Wachtel!, who had served under the 
celebrated Fritz Haber at the Kaiser Wilhelm Institute 
of Berlin during World War I. Our enemies know 
precisely what these various factors are, and they were 
able to use them with profound effect against us. The 





1 “Chemical Warfare,” Chemical Publishing Co., Brooklyn, 
N. Y., 1941. 
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threat of the use of war gases against the English, 
following Munich, resulted in the provision of gas 
masks for everyone in Britain, but prevented the manu- 
facture of enough airplanes to keep off the Luftwaffe 
during the horrible 1940 bombings. 

It is remarkable that war gases have not yet been 
used to any great extent in this war. They are re- 
ported to have been experimented with both by the 
Germans and the Japanese. However, this is a war of 
rapid movement. No military commander wishes to 
be bothered with war gas if it is possible to avoid its use. 
War gas interferes with the efficiency of troops to 
the extent of at least 80 per cent. As soon as the 
situation becomes desperate, war gas will be used. 

War gases are effective and relatively humane 
weapons. The gross over-all figures for World War I 
show that 2 per cent of those exposed to war gases 
died as a result of the exposure. On the other hand, 
the mortality from those exposed only to shot, 
shell, and bayonet was 24 per cent. It is much 
easier to devise intelligent protection against war 
gases than against shell and bayonet. The after- 
effects of exposure to war gas are not so serious as 
commonly supposed. A survey by the United States 
Public Health Service showed that there was no 
greater incidence of lung disease, circulatory disorder, 
or other physical disability in those exposed to war 
gases than in the same comparable age group of the 
general population.’ 

Of course, new war gases may be used. Many are 
possible, and certainly mixtures will be employed. 
It is ridiculous to recommend protection to civilians on 
the basis of specific identification of any single war gas. 
This takes time, is uncertain if attempted by smell 
alone, and is unsound psychologically, since doubt 
might arise that the correct agent had been identified. 
It is much wiser to devise methods of protection for 
civilians against war gases that will take care of anything 
that may be suspected. 

It is very important to give civilians as much in- 
formation about war gases as possible. It is wise to 
give information of how they act biologically, and how 
their action may be prevented or reduced. If this is 
carefully done it will become readily apparent that one 
may reasonably take care of oneself no matter what 
kind of war gas may be suspected. 

It is extremely important to point out that all ex- 
plosions release “‘war gases.”” In addition to carbon 
monoxide, which is odorless, colorless, and nonirritating, 
but which fortunately dissipates very rapidly, there 
are also ‘‘nitrous fumes,’ and the effects of ‘‘blast.’’ 
The action of any of these accompaniments of ex- 
plosions may be confused with the action of war gas. 
“Nitrous fumes’ are brownish, heavy vapors which 
will irritate the eyes and nose and lungs, and cause 
effects very similar to the war gases. The methods of 
protection devised for war gases are equally effective 
against ‘‘nitrous fumes,” or even against hot oil smoke 


2 GILcuRIst AND Matz, Med. Bull. Veterans’ Admin., 9, 229, 
339; 10, 1, 79 (1933). 
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or the smoke and fumes from other incendiaries. 
Reasonable appreciation of the biological action of war 
gases will tend to remove the untoward psychological 
effects of fear of exposure to them. 


BIOLOGICAL ACTION OF WAR GASES 


The intensity of biological action of a chemical agent 
is dependent upon: (a) dosage, in terms of mass of 
chemical per mass of living material; (5) ratio of the 
rate of absorption and distribution of the drug through 
the living tissue to its rate of excretion or destruction; 
(c) physicochemical properties of the drug, such as its 
differential solubility in different solvents, its polarity, 
its molecular configuration and energy organization, 
its dissociation characteristics, and its optical proper- 
ties; and (d) peculiarities of the particular type of living 
tissue involved, such as its age, its metabolic and allergic 
states, and its enzyme balance. 

Appreciation of these factors may help to understand 
the difference in action of various war gases and the 
variation in intensity of effect of the same war gas in 
the same concentration on different individuals. A 
suitable analogy to the latter situation is the difference 
in response of different people to the same intensity 
of sunlight or poison ivy. 

For our present purposes we may consider as or- 
dinary war gases the lung irritants, like phosgene or 
chloropicrin, or the vesicants, like mustard gas and 
Lewisite. We may thus disregard such unusual 
possibilities as catalyzed cyanides or metallic carbonyls, 
and such gaseous associates of demolition bombs and 
incendiaries as carbon monoxide, “nitrous fumes,” 
“‘blasts,’”’ hot oil smoke, or phosphorus. However, the 
tissue aggressiveness of “nitrous fumes” suggests that 
these deserve attention in the same way as ordinary war 
gases.* The hush-hush ‘nitrogen mustards,’’ which 
the Germans may use, are obvious alkyl amine rela- 
tives of ordinary mustard gas, but have the advantage 
of little odor and of “‘nonfreeze.”’ They are ‘‘ordinary”’ 
war gases. 

As shown in Table 1, the ordinary war gases may be 
indicated to be chemical relatives of such types of 
aliphatic hypnotic and inhalation anesthetic agents as 
alcohol, chloroform, and ether. People generally 
recognize the locally irritating powers of these common 
compounds. Their gas relatives may owe an increased 
irritative action to aggressive factors associated with 
altered halogenation and polarity. 

TABLE 1 
CHEMICAL RELATIONS BETWEEN COMMON IRRITANT DRUGS AND WAR GASES 


Aliphatic Irritant Corresponding War Gas 


Alcohol Ethyl] dichloroarsine 
H—CH:CH:—OH H—CH:2CH:—AsCls 


Chloroform Chloropicrin 
ChC—H ClsC—NO: 
Ether Mustard gas 


(H—CH2CH2)20 (CI—C H2CH2)2S 


3 Proceedings of a Board of the Chemical Warfare Service ap- 
pointed for the purpose of investigating conditions incident to the 
disaster at the Cleveland Hospital Clinic, Cleveland, Ohio, on 
May 15, 1929. Edgewood Arsenal, Maryland, Lieutenant 
Colonel Walter C. Baker, C. W.S., commanding. U.S. Govern- 
ment Printing Office, Washington, 1929, 104 pp. 
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These war gases usually contain a rather labile 
halogen, like chlorine or bromine, which, with the 
hydrocarbon portion, may be considered to be rela- 
tively more attracted to fat and protein than the rest 
of the molecule. On the other hand, the war gases 
also contain more potent polarizing radicals, like 
oxygen, sulfur, arsenic, a nitro group or oxime, which 
may be relatively more attracted to water or which 
may reduce the strength of the halogen bond. Differ- 
ences in relative water-fat solubilities and in ease of 
hydrolysis may be important factors in the site of 
action or in the onset or duration of action, as exempli- 
fied in the contrast between lacrimators and vesicants. 

A common theory explains the action of war gases on 
the basis of splitting off halogen, with immediate irri- 
tant effect from the resulting halo-acid. This may 
occur promptly on the wet surfaces of eyes, and of 
mucous membranes of the nose, mouth, and lungs, with 
such agents as the lacrymators, phosgene, and Lewisite. 
On the other hand, as with mustard gas, the partition 
coefficient may favor absorption into the cells, after 
which the halogen may split off. The resulting halo- 
acid within the cell may alter enzyme systems, per- 
meability of the surface membrane or protein equilibria, 
in such a way as to kill the cell. While such formation 
of acid may occur, it would have to exceed the buffer- 
ing capacity of cells and tissues, and this might require 
relatively large amounts in order to pass the threshold. 
Neutralization by cellular buffers would be expected to 
produce the corresponding halide ion which would not 
markedly affect cellular function. At any rate, ex- 
haustion of the buffer mechanism should reduce further 
hydrolysis. Direct experiment has shown that molecu- 
larly intact mustard gas may be isolated from deep 
skin layers many hours after absorption. Again, acid 
injury usually involves protein denaturation and 
precipitation, whereas war gas injury is characterized 
more by disturbances of cellular permeability, with 
swelling, protein hydrolysis, and cellular disinte- 
gration.‘ 

Another theory of mechanism of action may be con- 
sidered. This relates to the relatively rigid molecular 
configuration of the war gas molecule as compared to 
the cell membrane. The latter is interpreted as a 
water-lipoprotein interface.‘ Portions of the war gas 
molecule seem to be relatively lipo-proteophilic, while 
other portions seem to be more hydrophilic. If enough 
war gas molecules are present at the cell surface, dis- 
tortion of the interface may occur. This would result 
from orientation of the war gas molecule in accordance 
with the selective affinity of different parts of the 
molecule for water and lipo-protein, respectively. If 
this affinity and the interatomic angle forces in the war 
gas molecules are greater than the surface tension 
forces which maintain the normal cell surface, torsion 
may follow, with changes in permeability of the surface 





4 DANIELLI AND Davson, J. Cellular Comp. Physiol., 5, 495 
(1934). Danreiui, Proc. Roy. Soc., B121, 605 (1937). CLARK, 
“General Pharmacology,” Hndb. Exper. Pharmakol., Erganzungs- 
werk, 4, 14 (1937). 
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film, and resulting swelling and further distortion and 
strain of the surface membrane. This may comprise 
the initial inflammatory response to war gases, which 
may go on to cellular rupture, vascular breakdown, 
autolysis, and necrosis, as so well described by Living- 
ston and Walker.’ Tight packing of cells, as may be 
accomplished by high ascorbic acid intake,® would tend 
to reduce the intensity of this reaction as Livingston 
and Walker noted.® 

Whichever mechanism occurs, the prolonged tissue 
response to war gases would subsequently include the 
slow removal of necrotic debris, to be followed by 
gradual repair. In the case of lung irritants, this 
sluggish process indicates the need for protracted oxy- 
gen administration as well as for prophylaxis against 
psychiatric pneumophobia. 

In the biological effects of war gases, therefore, it 
seems that one or more of the following factors are 
concerned: (a) relative water, fat, and protein solu- 
bility, both in transport and in relation to cell surface; 
(b) relative ease of hydrolysis, with relation to possible 
formation of halogen acid and the effects of the rest 
of the molecule; (c) distortion of cellular surfaces 
due to the molecular configuration of war gas mole- 
cules or to their secondary valence forces; and (d) 
effects of war gas molecules on pH, redox potential 
and colloid, interface and enzyme equilibria. Allergic 
factors may also be involved, as a result of possible 
tissue reactions to war gas and protein combinations. 

As in the case of sunburn or exposure to poison ivy, 
once the process of war gas injury is under way, one may 
hope for benefit only on the basis of symptomatic re- 
lief, of aiding the removal of necrotic tissue, and of 
promoting repair. It would seem wise, therefore, to 
train civilians in ‘‘self-aid’’ against war gases in sus- 
pected contact with war gas, since first-aid or pro- 
fessional care is apt to be too late. 


SELF-AID AGAINST WAR GASES 


In order to reduce confusion of thought to a mini- 
mum and thus to help prevent panic in suspected 
attack with war gas, ‘“‘self-aid’’ should be devised in as 
simple a manner as possible. Recommendations 
should be based on the least common denominator of 
effectiveness for whatever is likely to be used by an 
intelligent enemy. Since mixtures of war gases are 
certain to be employed, it seems unwise to worry about 
specific identification and specific management of 
potential injury, if such identification is based on such 
an indefinite procedure as smell. 

Absorption of the ordinary war gases and their many 
obvious chemical relatives, such as the ‘nitrogen 
mustards,” may be inhibited by neutralizing hydroly- 
sis, oxidation, or adsorption. For civilian use, these 
methods may be improvised from materials readily 
available in homes. Since the war gases, in general, 





5 LIVINGSTON AND WALKER, Brit. J. Ophthalmol., 24, 76 (1940). 
6 WOHLBACH, Am, Path., 9, 689 (1933). REINHART, 
GREENBERG, OLNEY AND CuHoy, Arch. Internal Med., 61, 552 
(1938). 
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are decomposed or poorly soluble in water, a wet cloth 
tied over the nose and mouth is a relatively effective 
barrier for a short while at least, to the passage of such 
vapors, including oil smoke and ‘‘nitrous fumes,” to 
the nose, throat, and lungs. 

The most readily available effective oxidants are the 
common kitchen bleach solutions, such as ‘‘Clorox.”’ 
These are buffered, 3 to 5 per cent sodium hypochlorite 
solutions and are nonirritating for blotting the skin, 
but should be diluted for application to mucous mem- 
branes, for washing the skin or for wetting cloths to 
breathe through. As is well known, such a solution 
reacts promptly with mustard gas, 2,2-dichlorodiethyl 
sulfide (b.p. 217°C.), converting it to the nontoxic 
crystalline 2,2-dichlorodiethyl sulfoxide (m.p. 110°C.) 
and probably to other nontoxic sulfones. The use of 
such sodium hypochlorite solutions for the prevention 
of mustard gas injury has been widely advertised in 
England.’ Confirmation of their effectiveness against 
both mustard gas and Lewisite has been obtained by 
T. D. Stewart, of the University of California, Berkeley, 
on scores of human subjects, and by ourselves on 
humans and experimental animals. It is immaterial 
whether oxidation of mustard gas produces the sulf- 
oxide or sulfone, or further decomposition, or what is 
produced on treating Lewisite with hypochlorite. 
Direct experiment shows that such treatment of these 
compounds or their various chemical relatives results 
in nontoxic residues. 

For alkaline hydrolysis, sodium bicarbonate solutions 
of about 2 per cent may be readily prepared in a black- 
out room by dissolving a teaspoonful of baking soda in 
a glass of water. Such a solution is helpful in washing 
out the eyes, nose, and throat in suspected war gas irri- 
tation, or for wetting cloths to breathe through. 

The most suitable and readily available detergent 
adsorbent is lather from ordinary soap and water, or 
soap flakes, or tincture of green soap. This is par- 
ticularly useful, as are hypochlorite solutions, in pre- 
venting skin injury from suspected contact with 
blister gases. The data in Table 2 show the value of 
soap and hypochlorite in reducing skin injury (in a 
rather sensitive test object) from mustard gas applica- 
tion, in comparison with such a mustard gas solvent 
as kerosene. 

The common blister gases are soluble in kerosene, 
gasoline, acetone, carbon tetrachloride, and similar fat 
solvents. During World War I, it was naturally as- 
sumed that such solvents would be useful in removing 
liquid blister gas splashed on the skin. We have found 
no data to support this idea. However, current advice 
to civilians retains this recommendation. It is to be 
remembered that kerosene, gasoline, and acetone may 
be absorbed through the skin, and that, like carbon 
tetrachloride, they are themselves skin irritants. They 
are also solvents of low viscosity and tend to spread 
easily. It is unlikely that they would be used care- 
fully under the conditions of excitement existing in 
the crisis of suspected war gas contact. Our experi- 


~ 7 Half-page advertisement in Brit. Med. J., opposite page 445, 
April 4, 1942. 
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ments show (Table 2) that even under controlled 
conditions they are much less satisfactory than lather 
or hypochlorite.® 


TABLE 2 
COMPARATIVE SKIN RESPONSE IN RABBITS TO MustTarpD Gas (HS) 


Application of 0.05 cc. of 10 per cent solution of HS in ether, producing 
rough circle 10 mm. in diameter. Treatment consisting of blotting area of 
application three times with gauze soaked in kerosene, soap, and water, or 





3 per cent NaOCl (Clorox).* 


3 Per Cent 
Day Untreated Kerosene Soap NaOCl 
1 Intense ery- Moderate ery- Diffuse ery- Diffuse ery- 
thema and thema, slight thema, ed- thema 
edema edema ema 
2 # Diffuse ery- Diffuse ery- Blanched area, Blanched area, 
thema and thema and oO x. 16 10 X 15 
edema, cen- edema, cen- mm. mm. 
tral blanched tral blanched 
area area 
5 Deephemorrha- Hemorrhagic Thin scaly nec- Thin scaly 
gic necrotic necrotic area, rosis, 8 X 10 necrosis, 8 X 
area, 10 X 12 12 X 15mm., mm. 10 mm. 
mm. with diffuse 
necrosis at 
edges 
15 Heavy adher- Broad adher- Thin flaky scab, Thin flaky 
ent scab, 10 ent scab, 15 8 X 10mm. scab, 8 X 10 
X 12 mm. xX 20 mm. mm. 
22 Heavy adher- Broad adher- Light scar Light scar 
ent scab, 10 ent scab, 15 
X 12 mm. X 20 mm. 





* No significant difference from untreated areas observed after applica- 
tion (as above) of either 3 per cent H2Os, acetone, or “‘bleach paste.’’ Treat- 
ment with 5 per cent NaOH in 30 per cent glycerin seems to increase in- 
flammatory reaction during the first week, producing a deeper and slower 
healing necrotic area. Ten per cent benzoyl peroxide in nona ethylene glycol 
seems to have little effect on HS reaction during first day or so, but seems to 
reduce necrotic reaction and time required for healing. However, 10 per 
cent benzoyl peroxide in talc affords no protection when dusted on skin 
previous to exposure. Observations similar to the above have been ob- 
tained with Lewisite; healing, however, is more rapid. 


Pharmacologists have the obligation of establishing 
and explaining the facts regarding the action of chemi- 
cals on living things. They have the privilege of 
applying such information to whatever practical prob- 
lem may be appropriate. With respect to war gases, 
present pharmacological information suggests that the 
simplest and most effective advice for civilian protection 
against such gases might be: (a) obey air-raid rules, 
taking refuge during an alarm in an air-raid shelter or 
black-out room, with doors and windows shut and the 
windows screened or heavily curtained on the inside to 
prevent injury from flying glass, if bombing occurs; 
(b) if the shelter is broken by bombing, and if war 
gases are suspected by fogs, peculiar odors, smarting or 
stinging in the eyes, nose or throat, or by coughing, 
sneezing or gasping, or by any other suspicions, tie a 
cloth soaked in baking-soda solution, or diluted kitchen 
bleach solution, over the nose and mouth to breathe 
through, keep it wet, shut one eye and squint through 
the other, lie down with head in arms; (c) if eyes, nose 
or throat are irritated, wash them with a solution of a 
teaspoonful of baking soda in a glass of water; (d) if 
splashes of liquid are suspected on the skin or clothes, 
throw the outer clothing out the window, blot any 
splash on the skin promptly and repeatedly with a 
cloth wet with kitchen bleach solution, lather thor- 
oughly and frequently with soap and rinse copiously 


8 MARSH AND LEAKE, Calif. West. Med., 57, 8 (1942). Ac- 
knowledged in spite of printer’s many typographical errors! 
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TABLE 3 
COMPARISON OF METHODS OF TREATMENT FOR EXPOSURE TO MustTarD GAS 


Five mg. mustard placed on dog belly. 
flushed off with water. Allowed to dry. 


Blotted once with dry sponge after five minutes, then applied gauze dripping with agent. After two minutes, 
In the case of kerosene, the area was blotted three times with separate, dampened sponges instead of the above 





procedure. 
5 Per Cent NaOH in 
Day Untreated Bleach Paste 30 Per Cent Glycerin Kerosene Soap 3 Per Cent NaOCl 
1 Intenseerythemaand Intenseerythemaand Intenseerythemaand Moderate erythema, Diffuse erythema, slight Diffuse erythema 
; edema edema edema slight edema edema 





i) 


Diffuse erythema and 


Diffuse erythema and 


Intense erythema and 


Diffuse erythema and _ Blanched area, 25 X 30 Blanched area, 25 X 


edema, central edema, central edema, central edema, central mm. 30 mm. 
blanched area blanched area blanched area blanched area 

7 Deep hemorrhagic ne- Deep hemorrhagic ne- Deep hemorrhagicne- Hemorrhagic necrotic Thin scaly necrosis, Thin scaly necrosis, 
crotic area, 25 X crotic area, 25 xX crotic area, 30 X area, 30 X 45 mm. 20 X 25 mm. 20 X 25 mm. 


30 mm. 


30 mm. 


40 mm. 


14. Heavy adherent scab, Heavy adherent scab, Heavy adherent scab, Broad adherent scab, Thin flaky scab, 20 X Thin flaky scab, 20 x 
25 X 30 mm. 25 X 30 mm. 30 X 40 mm. 35 X 45 mm. 25 mm. 25 mm. 
28 Heavy adherent scab, Heavy adherent scab, Heavy adherent scab, Broad adherent scab, Light scar Light brown spot 


25 X 30 mm. 


25 X 30 mm. 


25 X 30 mm. 


30 X 35 mm. 
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Teaching the Electronic Theory of Acids 
and Bases in the General Chemistry Course 


W. F. LUDER, W. S. McGUIRE, and SAVERIO ZUFFANTI 
Northeastern University, Boston, Massachusetts 


INTRODUCTION 


HE CLAIM has been made that while the elec- 

tronic theory of acids and bases is worth teaching 
to students of organic chemistry (2), it is too difficult 
for the elementary course (1). The authors have had 
several years’ experience in the teaching of the G. N. 
Lewis theory to students of general, analytical, organic, 
and physical chemistry. Their experience leads them 
to disagree with the statement that the theory is diffi- 
cult for elementary chemistry students. In fact, they 
believe that the electronic theory of acids and bases is 
not only simpler to understand but, when properly 
used, even more valuable to general chemistry students 
than to students of organic chemistry. They believe 
presentation of it to all chemistry students and es- 
pecially to general chemistry students is of value for the 
following reasons: 

(a) It forces the students to think in terms of the 
electronic structures of atoms. 

(b) It gives them practice in visualizing the different 
types of valence bonds (polar, covalent, coordinate). 

(c) It permits a more complete and broader classi- 
fication of acid-base reactions. 

(d) It makes possible a correlation with oxidation- 
reduction reactions. 

Experience has shown that with the help of the 
tables and lecture demonstrations herewith described, 
the electronic theory of acids and bases is no more 
difficult than any other. Its concept of neutralization 
is simpler and more fundamental than for the other 
theories, and, in fact, includes them all. By permitting 
the correlation of oxidation-reduction phenomena 
with acid-base reactions it promotes a greater measure 
of system and understanding than has been possible 
before. 


THE GENERAL CHEMISTRY COURSE 


At Northeastern University the electronic theory of 
acids and bases has become an integral part of the 
first semester’s work in general chemistry. After a 
preliminary discussion of science and the scientific 
method, a brief survey of the history of chemistry, and 
a short treatment of matter and energy, the three 
states of matter are studied together with changes of 
state. Consideration of the gas laws leads logically 
into the discussion of molecules and atoms. At this 
point symbols, formulas, and equations are introduced 
for the first time, followed by a study of hydrogen, 


oxygen, and water to give practice in the use of equa- 
tions. 

The student should now be prepared to understand 
how atomic structure affects chemical behavior, so the 
study of the periodic chart of the elements is begun. 
This, together with discussion and demonstration of 
subatomic phenomena with the aid of cathode-ray 
tubes, permits the establishment of a table of atomic 
structures of the elements (3). Using this table of 
electron configuration, the various forms of valence are 
introduced and discussed in terms of the Lewis elec- 
tronic formulas. 

This is the logical place to use the electronic theory 
of acids and bases to best advantage, especially when 
it is followed by oxidation-reduction as the next topic. 
The equations used as examples of the broader aspect 
of acid-base phenomena provide excellent illustrations 
of covalent and coordinate bonds. The student ac- 
quires a better understanding of the electronic theory 
of valence at the same time that the horizon of his ideas 
of acids and bases is enormously broadened. An even 
greater degree of systematization can be achieved when, 
after oxidation-reduction is studied, the classification 
of acids and oxidizing agents as electrophilic and of 
bases and reducing agents as electrodotic (4) is taken 


up. 
ACID-BASE REACTION TABLES 


A brief historical survey of acid-base concepts from 
Boyle to Arrhenius (2) serves to introduce the subject 
to the student in terms with which he may be familiar 
already. This introduction shows the student that few 
definitions in chemistry have changed more often than 
the definition of acids and bases. It prepares him for 
the shock of his discovery that no adequate theory is as 
yet in general use. A short discussion of the Brénsted 
and solvent-system theories, including their inade- 
quacy and mutually contradictory features (2), is a 
healthy antidote to the ordinary student’s too pro- 
found regard for the authority of his textbook. At 
this point a valuable scientific moral may be brought 
profitably to his attention—the importance of basing 
scientific definitions upon experimental evidence. 

This was, of course, Lewis’ first step in his clarifica- 
tion of the problem of acids and bases (5). Lewis 
returned to the experimental definitions of acids and 
bases by defining an acid as any substance which, like 
HCl, neutralizes NaOH or any other base. A base is 
any substance which, like NaOH, neutralizes HCI or 
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any other acid. Application of this experimental defi- 
nition to a large number of reactions leads to the 
theoretical explanation. An acid is capable of accept- 
ing a share in a lone electron-pair from a base to form a 
coordinate bond. The formation of this bond is the 
first step in all neutralization reactions. For example, 


(0:8 + :0:H — :0: § :0:H 
_ - 0: H 


:0: H 


in which the sulfur atom secures eight valence electrons 
by sharing a lone pair from the water molecule. 

After a brief discussion of the idea of relativity (3) 
introduced by such definitions, using the amphoteric 
behavior of water as an example, Tables 1 and 2 are 
presented and discussed. Table 1 contains illustra- 
tions of three of Lewis’ “phenomenological criteria” 
(5). (The fourth criterion is discussed and illustrated 
in the next section.) Table 2 contains reactions which 
are more closely associated with behavior in ionizing 
solvents such as water. With the aid of these tables, 
the new ideas are introduced to the student and at the 
same time are correlated with information already in 
his possession. 

When these ideas are introduced to students who 
have not previously learned the older concepts too well, 
there is nothing particularly difficult about them. In 
fact, some explanations are easier to make in terms of 
the electronic theory. Consider, for example, the 
hydrolysis of salts. According to the electronic theory, 
any sufficiently strong acid or base will increase the 
concentration of cation or anion in an ionizing solvent. 
When a test with litmus shows a salt solution to be 
acidic or basic, a single simple equation is often all that 
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For example, 


is necessary by way of explanation. 
the hydrolysis of ZnCl, may be represented by the 
equation 


Zn++ + HOH — (ZnOH)+ + Ht 


The explanation is that the zinc ion is acidic. Written 
according to the Arrhenius theory this reaction would 
require four equations and a confusing classification of 
ZnCl, as a “‘salt of a strong acid and a weak base.” 
The Brénsted explanation is nearly as complicated in 
its unnecessary introduction of the hydration of ions. 


LECTURE DEMONSTRATIONS 


The fourth criterion of acid-base behavior given by 
Lewis (5) is “Acids and bases may be titrated against 
one another by the use of substances, usually colored, 
known as indicators.”’ A description of lecture demon- 
strations illustrating this criterion follows. 

I. Water Used as Solvent.—The indicator used in 
this series of experiments is methyl] violet dissolved in 
water. 

A. Acids (HCl, H,SO., HOAc, HNOs;) 

Ten milliliters of water are poured into each 
of four 6-inch test tubes and 3 to 4 drops of the 
indicator are added. The violet color that re- 
sults can be changed to yellow by the careful 
addition of a few drops of a dilute acid. The 
above-mentioned acids are used, one in each 
tube, to show this color change. 

The reaction is explained to the students on 
the basis that these acid solutions contain 
hydronium ions (H;0)* which are electron-pair 
acceptors and therefore acids. 

Be: Bases (NHs3, Cs;H;N, C.H;OH, 1,4-Dioxane) 


TABLE 1 
Acip-BASE REACTIONS IN GENERAL 


(H* used for simplicity) 


Description Acid 
Neutralization 
The Arrhenius definition is a special case Hf 
The solvent-system definition is a special case (COCI)* 
The Brénsted definition is a special case HCl 


The electronic theory includes all three 


—and many others, e. g. BCl; 
AICI; 
SO; 
CO, 
Cat+ 
Agt 
Displacement 
A strong acid displaces a weaker one from combi- BCI; 
nation with a base Ht 
Ht 
A strong base displaces a weaker one from combi- C;H;N — SO; 
nation with an acid HC.H;02 
NH,* 


Catalysis 
Many acids catalyze organic reactions 
Bases also catalyze organic reactions 
Presence of acids increases speed of reaction of 
ionizing solvents with metals 
Bases also may speed solvent reactions similarly 


Electron-pair acceptor 


Base Product 
OH- HOH 
cr COC, 
NH; NH,Cl 
Electron-pair donor First step in neutralization—for- 
mation of a coordinate bond 
(C2Hs)sN (C2Hs)sN — BCI; 
(C2Hs)20 (C;:Hs)20 => AICI; 
C;H;N C;sH;sN ——> SO; 
CaO : CaCO; 
OH- Ca(OH). 
NH; Ag(NHs3)2* 
Na2CO; CO. + [Na,O — BCI] 
Al(OH); Alt++ + HOH 
Cu(NH3)4*t Cutt + NH,t 
NHsz CsHsN + [HsN — SOs] 
OH- C;H;0.~ + HOH 
OH- NH; + HOH 


AICl;, BF;, HF, SO; 

E. g. reaction between alcohols and benzoyl chloride more rapid in pyridine 

Acid increases concentration of solvent cations 

SO; + HOH — H+ + HSO,-; AICI; + COCI,—> COCI* + AICL~ 

Base increases concentration of solvent anions 

NH; + HOH — OH- + NHyt; (CoHs)sN + COC, — (C2Hs)sNCOCI* + Ci-~ 
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The basic characteristics of these compounds 
can be demonstrated by addition of a few drops 
of each to the four yellow solutions obtained in 


the above experiment. 


In each case the color 


is changed back from yellow to violet on the 
addition of the base. These compounds are basic 
because they are electron-pair donors and can 
therefore neutralize the (H;0)* electron-pair 
acceptors of the above-mentioned acids. 


Example: 
CH:—CHy, CH.—CH: 7 
:O: :0: + H,O* — :0: :0:H + H:0 
~ / 7 
CH:—CH2 CH,—CH, 
(Base) (Acid) 


IIT. Chlorobenzene (Anhyd.) Used as Solvent.—The 
indicator used in these experiments is methyl violet 
dissolved in chlorobenzene. 

A. Acids (HCl gas dissolved in CsH;Cl, BCl; dis- 

solved in CsH;Cl, and fuming SnCl,) 

Ten milliliters of chlorobenzene are poured 
into each of three 6-inch test tubes and 3 to 4 
drops of the indicator are added to each tube. 
The violet color that results can be changed to 
yellow by the addition of a few drops of an 
acid. The above acids are used to show this 
color change; one in each test tube. 

Here again we have substances that are 
acidic because they are electron-pair acceptors. 

B. Bases (Ethers, Acid anhydrides, Alcohols) 


R—CH: 


R—CH: 


(Ethers) 


O 
R—CH:—C R—CH, 
sO: : O : 
y 
R—CH.—C H 
O 
(Anhydrides), (6) (Alcohols) 


These substances can all be demonstrated to 
be bases by allowing them to react with the 


acids mentioned above. 


If these bases are 


added to the yellow solutions formed in Part A 
of this experiment, the violet color of the indi- 
cator quickly reappears. 


Example: 
fe : 
\_é 
f Th< 
| | :0: aa 
c= a NN 
bs oO 


(Base) 
III. Carbon 


EX 2 
si ( \< 
_oe alles: 
Ci: \ —C sl: 
SF & 
(Acid) 


Tetrachloride Used as Solvent.—The 


indicator used is methyl violet dissolved in chloro- 


benzene rather than in carbon tetrachloride. 


(The 


indicator is quite insoluble in carbon tetrachloride, but 
when it is added in chlorobenzene solution no precipita- 


JOURNAL OF CHEMICAL EDUCATION 


tion takes place; a clear solution results.) 


A. 


f 
cH 
\ 
CH—CH rt: 


Vio 


CH=CH :Cl: 


(Base) 


IV. 


Acids [BCl;, HCl (gas) dissolved in CCl, and 
AICI; suspended or dissolved in CCl] 

Ten milliliters of anhydrous carbon tetra- 
chloride are poured into each of three 6-inch 
test tubes and 3 to 4 drops of the indicator 
added to each tube. The violet color that 
results can be changed to yellow by the addition 
of some of these acids. 

The AICI; is not very soluble in CCl. Shak- 
ing the mixture for a considerable length of 
time and then filtering gives a clear filtrate 
which does not behave acidically. If any 
hydrolysis should take place, due to traces of 
moisture being present, the resu!ting HCl gas 
would dissolve in the solvent and an acid 
reaction would be observed. 

If some of the original mixture of AlCl; sus- 
pended in CCl, is used, however, the violet 
color of the indicator disappears and the result- 
ing yellow color shows that the solid AICI; is 
behaving as an acid. This experiment helps 
to prove that the AICI; itself is acting as an 
acid and not any HCI resulting from hydrolysis. 

Enough AICI; can be dissolved in the CCl, by 
warming so that a clear solution of it may be 
used as an acid solution. 

The BCI; and the HC! gas are readily soluble 
in the solvent, so no trouble is encountered in 
the preparation and use of these acidic solu- 
tions. 

Bases (Pyridine, Amines, Esters) 


No 


CH= CH CH;CH:z CH;CH.—C 


mh, 
N: CH;CH.—N : 
VA 

CH;CH: 


CH—CH 
(Pyridine) (Triethylamine) 


CH;CH:2 
(Ethyl propionate) 


These substances can be demonstrated to be 
bases by the fact that when they are added to 
the yellow solutions resulting in Part. A, the 
violet color of the indicator reappears. 

Example: 


CH=CH  :Cl: 
tees # 4 ve 
Al:Cl: —- CH N: Al:Cl: 
a8 \ Wz ae 
CH—CH sch: 


N: + 
WA 


(Acid) 


Discussion.—In all these experiments it can 


very readily be demonstrated to the students that the 
acidic substances are those that contain atoms capable 
of accepting a share in an electron-pair and that the 
bases are those substances containing atoms capable 
of donating a share in an electron-pair. 

The student can readily see that hydrogen chloride 
behaves as an acid regardless of whether it is dissolved 
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TABLE 2 






AciD-BASE REACTIONS IN IONIZING SOLVENTS 
(Hydration of the solvent cation usually not shown) 


Description Acid 
Ionization 
According to the solvent-system theory AICI; 
According to the Brénsted theory HCl 


Both are special cases of the electronic theory 


Other examples: SO; 
(s denotes solvent) Note that an acid reacting COz 
with an ionizing solvent increases the con- HOH (s) 
centration of solvent cations; a base increases HOH (s) 
the anion concentration BCI; 
SeOCl, (s) 


Hydrolysis of Salts 
Reaction of cation acid with solvent (when anion NH,* 
is weak base, e. g., Cl~ Zn*t 
Reaction of anion base with solvent (when cation HOH 
is weak acid, e. g., Nat 
HOH 


Amphoteric Behavior 
Water is amphoteric (it can donate or accept an HOH 
electron-pair) 
HCl 


Aluminum hydroxide is amphoteric (donates or Al(OH); 
accepts an electron-pair) 
H+ 


Complex Ions Agt 
Cut + 
SnCl, 
As2Ss5 


in water, chlorobenzene, carbon tetrachloride, or any 
other solvent. (It is pointed out, however, that in 
water solutions of the common acids it is the H* or 
H;0+ that behaves acidically, whereas in the organic 
solvents it is the molecules of the compounds that 
behave as acids.) The same may be said for all other 
compounds that are capable of accepting electron-pairs. 

The student can readily be made to understand that 
compounds such as pyridine, alcohols, ethers, and 
many other substances act as bases whether dissolved 
in water, chloroform, carbon tetrachloride, chloro- 
benzene, or any other solvent that will dissolve them, 
because fundamentally these bases are compounds that 
are capable of donating an electron-pair. 

The experiments described above are only a few 
of the many acid-base titrations that the capable 
instructor can devise to meet the needs of his class 
and to aid him in presenting this material to his stu- 
dents. 


CONCLUSION 


One of the important aims of a science is to promote 
the maximum degree of correlation among the experi- 
mental facts with which it is concerned. In chemistry 
a large body of experimental data is already interrelated 
through the electronic theory of oxidation-reduction. 
At one time the theory was limited to the consideration 


Electron-pair acceptor 


Base Product 


COCI, COCI* + AICL- 

HOH H,O* +. Cr 

Electron-pair donor Coordinate bond formation fol- 
lowed by ionization 


HOH (s) Ht + HSO,- 
HOH (s) H* +HCO;— 
NH; OH- + NH,* 
C;H;N OH-+ C;H;NHt 
SeOCl. (s) SeOCI* + BCL-~ 
(CHs)sN Cl- + (C2Hs)sNSeOCI* 
HOH H;0*+ + NH; 
HOH Ht + ZnOHt 
CN- OH- + HCN 
CO;~ OH-~ + HCO;- 
NH; NH,* + OH- 
HOH H,O* + Ci- 
OH- Al(OH),4~ 
Al(OH); Al+++ + HOH 
CN- Ag(CN)2~ 

NH; Cu(NHs3)4** 

cr SnCl,~ 

Ss” AsS,= 


of oxygen as the element necessarily involved in all 
oxidations. Likewise, the presence of a particular 
element (oxygen and later hydrogen) was once made the 
condition of acid behavior. Now, however, large 
groups of data can be systematized through the appli- 
cation of the electronic theory of acids and bases. 

When this is done, both kinds of behavior can be 
further classified into electrophilic (acids and oxidizing 
agents) and electrodotic (bases and reducing agents) 
(4). This permits a notable increase in the correlation 
of experimental data. 

Since general chemistry students are already ex- 
pected to be familiar with oxidation-reduction reactions 
and the writing of electronic structural formulas, there 
seems to be no inherent reason why the Lewis theory 
of acids and bases should be difficult for them. Ac- 
tually it not only provides greatly needed practice in 
using many of the concepts now taught, but it also 
promotes a much greater degree of understanding of 
chemistry as a science. 
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“While this war, which has forced the diversion of so much scientific effort from the constructive aims of peace to the destructive aims of 
combat, represents in magnitude the greatest tragedy which civilization has ever encountered, much of the war work will have lasting value, 
and in many important lines research is being prosecuted at a rate which would be quite out of the question in peacetime. This is especially 


true in the fields of physics and chemistry.”’—W. D. CooLinGE 
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What’s Not New in Chemistry 


R. H. WRIGHT 
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HEMISTRY had its beginning as soon as man 

learned to use fire, and by the time history came 
to be written a surprising amount of chemical knowl- 
edge had been accumulated. The chemist’s art is a 
very ancient one. Let us see how much chemical 
knowledge there was in the world a couple of thousand 
years ago, about the time Caesar invaded Britain. 
Here are a few of the things people were making or 
doing then. 

They were evaporating sea water and using the salt 
to preserve meat. 

They were fermenting everything from grain to 
honey and drinking the product. They also let the 
fermentation continue far enough to obtain vinegar 
which was used in making pickles and preserving meat. 

They were getting soda (sodium carbonate) from 
deposits around certain salt lakes in Egypt and other 
dry countries. By melting the soda with clean sand 
they obtained glass. It was not very good glass for 
making windows, because it was colored and the pieces 
were not very big, but it made nice beads. 

They were extracting potash (potassium carbonate) 
from wood ashes and sea-weed ashes. By boiling a 
mixture of potash and fat they obtained a soft variety 
of soap. By a variation of the same process they could 
remove the grease from wool before making it into 
cloth. 

A white substance called nitre or saltpeter (potas- 
sium nitrate) that formed near barns and on basement 
walls or wherever there was much evaporation from 
soil containing decaying organic matter, was collected 
and used in medicine and for preserving meat (corned 
beef is still made with saltpeter) and for other pur- 
poses. 

The mortar used in building was made from lime 
(calcium oxide) which was obtained from limestone 
(calcium carbonate) by heating it in a kiln. 

Turpentine and rosin were obtained from wood and 
used in paint and for making ships watertight and, by 
the Egyptians, for preserving corpses. 

A number of oils, fats, and waxes such as olive oil, 
tallow, and beeswax, were used variously as food, in 
making cosmetics, for burning in lamps, and in making 
soap. 

A few dyes were extracted from plants and trees and 
other sources and were used for dyeing cloth, faces, bas- 
kets, and for making ink. Leather was being tanned. 

A considerable number of quite effective poisons were 
known and used for poisoning arrows, prime ministers, 


fish, and philosophers. (Socrates was condemned to 
death and made to drink ‘‘hemlock,”’ a mixture con- 
taining the alkaloid coniine. He was charged with 
corrupting the youth of Athens because he went about 
asking them thought-provoking questions. about the 
state of the Athenian world.) 

The making of pottery, bricks, and tiles had reached 
an advanced stage in Babylonia more than four thou- 
sand years ago. 

A number of more or less effective drugs were known 
and used. In South America the bark of the cin- 
chona tree (which contains quinine) was used for treat- 
ing fevers. In the East a number of opium prepara- 
tions was known. In places where petroleum seeped 
out of the ground it was used for treating wounds and 
sometimes as a fuel in lamps. 

In China, paper was made as early as 200 B.c., but 
the process did not reach Europe until about the time 
of King Alfred. 

All these chemical discoveries have been listed first 
because otherwise they might be covered up and over- 
looked when we come to examine the very ancient art 
of metal-working. No one knows when or how men 
first began to extract metals from their ores and to 
work them into various shapes for various purposes. 
Most of the early chemical and metallurgical proc- 
esses centered around the use of fire and quite possibly 
the first discoveries were accidental. It must be 
pointed out, however, that an accidental discovery 
always requires two accidents: something must happen 
and someone must be there who is bright enough to see 
it and turn it to account. The second condition is not 
always fulfilled. 

The metals gold, copper, iron, lead, mercury, silver, 
and tin have been known and used since prehistoric 
times and there is no way of knowing when they were 
first discovered. Gold, silver, and copper were prob- 
ably the first, because they sometimes occur ‘‘native,’’ 
that is, as the free metal rather than as a compound. 
Later it became known that copper could be obtained by 
heating a certain kind of rock with charcoal, and it 
was found that the rock (or ore) in certain localities 
gave a harder variety of copper, which we call bronze 
and now know to be a mixture (or alloy) of copper and 
tin, or sometimes copper and zinc. Then it was found 
that another kind of ore when heated with charcoal 
gave a different metal, tin, which could be mixed with 
ordinary copper so as to give bronze more easily than 
before. One of the important tin-mining regions of 
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antiquity was in Cornwall in England, and the first 
records of civilized men visiting England date from the 
time when Phoenician traders began going there for 
“‘tinstone’’ about five hundred years before Christ. 

Metals like iron, lead, and tin are never found free 
or native and therefore have to be smelted. Occa- 
sionally, it is true, pieces of meteoric iron are picked 
up before they have time to rust away, and it may well 
be that the first iron used by men was meteoric iron. 
Even after ways were found of smelting iron from its 
ores, special value might easily be attached to “iron 
from heaven” and so give rise to legends of swords made 
by the gods or otherwise provided with a miraculous 
history—like King Arthur’s “Excalibur.”” We can 
see, too, how legends would grow up around a man who 
could at will produce the same sort of iron that some- 
times fell from the sky. The stories about the Anglo- 
Saxon and Scandinavian hero, Wayland the Smith, may 
be the last echo of the fame of some primitive iron- 
founder, just as our tales of solitary giants and cannibal 
ogres may be a last dim memory of Neanderthal Man, 
whom our ancestors fought and exterminated in 
Europe about fifteen thousand years ago. Nobody 
knows, of course, but it is fun to speculate sometimes. 

By Roman times, the smelting of iron from its ore 
was well understood. The Romans also knew how to 
obtain lead and used it for making water pipes, some 
of which are still in existence. Lead was also used in 
another way. Gold and silver often occur along with 
lead and therefore need to be purified. In ancient 
times the lead was separated from the precious metals 
by heating the alloy to a high temperature in the pres- 
ence of plenty of air. The lead was thereby con- 
verted into a substance known as litharge (lead mon- 
oxide) which floated on top of the molten gold and silver 
and could be skimmed off. If the litharge was after- 
ward heated more gently for a time it could be converted 
into minium or red lead (lead tetroxide) which was 
used (and still is) as a pigment in paint and in obtaining 
a glaze on pottery. 

History books generally have very little to say about 
the things men did during the several hundred thou- 
sand years before they learned to write, although the 
things they did were, as we have seen, brilliantly 
clever and enormously important. This is probably 
because historians generally write about the things 
they know the most about rather than the things that 
are the most important. We should not blame them 
as long as we do the same thing during examinations. 

If we are to see how modern science came into being 
it is necessary to spend a little time in seeing rather 
clearly how ancient man went about these chemical 
processes and what he thought about them. It is not 
necessary to describe all of them in detail; one ex- 
ample will be enough. 

The early iron-founders were men who had learned 
their job from their fathers and uncles and in turn 
taught it to their sons and nephews. They could 
not read and write, and because they worked with 
their hands at something more important than killing 
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things for fun they were not nobles. Just the same, 
they were important people—and knew it—and so they 
took care to keep their knowledge to themselves and 
surrounded their activities with a good deal of mystery. 
Nevertheless, we know something about their methods 
from digging up their abandoned forges and from 
watching primitive tribes in Africa and elsewhere. 

They knew that they could make iron from a certain 
kind of stone called “‘paint-rock”’ or haematite (iron 
oxide) by mixing it with charcoal and heating it very 
hot. This was done in a rather simple type of furnace 
known as a Catalan Forge, which was made by sticking 
together with clay pieces of a different kind of rock that 
would not melt. A leather bellows, worked by hand, 
provided a blast of air which entered the furnace from 
the side and produced a very hot fire. After several 
hours of puffing and blowing, little drops of iron would 
form in the heart of the fire and at the same time the 
earthy impurities in the ore would melt and form a slag 
which coated the drops of iron and protected them from 
the air blast. When enough iron had been formed, the 
furnace was broken open and the white-hot ball of 
iron removed and beaten and hammered so as to squeeze 
out the slag and form a coherent piece of iron. 

These iron-founders had special knowledge that 
included things like knowing what ‘“‘paint-rock’’- 
looked like, what proportions of ore and charcoal to 
take, how to build the furnace, and when to take out 
the lump of iron and start hammering. It was essen- 
tially practical knowledge, gained from first-hand 
experience with the materials available in the district 
where they worked. If they moved to a new district 
it might take a hundred years of trial and error to 
produce iron as good as that made at the old stand, 
and even then they might not succeed if the ore con- 
tained impurities beyond their power to eliminate. 

This shows the limitation that affects a purely 
practical knowledge of any job: one’s success is so 
largely determined by the peculiarities of the local 
materials. In the middle ages, steel from Toledo in 
Spain or Damascus in Syria was specially prized for 
its high quality. This was attributed to the special 
skill and secret lore of the craftsmen there, but we 
know now that this was only partly true. The ores 
they worked happened to be exceptionally well suited 
to the processes they used in smelting them. 

As long as the demand for iron could be satisfied 
by the old methods there was no reason for changing 
them, and it is not surprising that the art of iron- 
founding remained unchanged in all its essential details 
for thousands of years. The sword used by William 
the Conqueror was probably made in almost the same 
way as the one wielded by Achilles when Troy was 
captured, a couple of thousand years before. 

When gunpowder was invented and the people of 
Europe embarked upon a sea of civil and religious wars, 
the old methods were no longer good enough. Battle- 
axes and breast-plates could be made from quite small 
pieces of iron welded together. Guns needed larger 
masses all in one piece, and lots of them. A new kind 
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of furnace, called a blast furnace, in which the air was 
blown in at the bottom instead of at the side, was 
invented in Germany about 1350. Also, men were 
forced to find out why iron made in England was 
different from iron made in France or Italy, and that 
meant trying to find out what was or was not present 
in the ore to cause the difference. (If you look up the 
dates at which the various elements were discovered 
you will see the result.) And then the supply of char- 
coal began to run out, as the forests were burned 
faster and faster to produce more cannon and more 
shot. Coal was first used in place of charcoal in Eng- 
land about the time the Pilgrim Fathers set out for 
America. 

But before we follow these developments any far- 
ther let us spend a little more time with the ancients. 
We have seen that they had all the virtues and all the 
defects of the purely practical man. What they could 
do they could often do amazingly well, but they were 
limited in what they could do and were liable to be 
thrown into confusion by any variation in their ma- 
terials. We have no way of knowing very much about 
what the practical iron-founders and leather-tanners 
thought about the things they did, because few of 
them could read and write and their knowledge was 
handed down by word of mouth. 

There was, however, a class who had time to think 
and discuss things and write down their thoughts. 
These were the people who owned the slaves and ran 
the various countries. In most times and places they 
were princes and barons and fighting men and did not 
spend much time thinking things out for themselves, 
being content to get their ideas at second hand. In 
ancient Greece, however, there was a period of a few 
centuries when the ruling class did do a certain amount 
of thinking about something besides hunting and 
fighting, and the ideas about the world that they de- 
veloped were thereafter accepted almost without 
challenge for a very long time. Let us see what ideas 
they had about the things we have been considering. 

In order to understand the often curious ideas they 
had about even very simple matters, it is important 
to remember that the Greek philosophers generally 
had slaves to do the work and so very often they 
had no first-hand knowledge of how things go. In- 
deed, because such knowledge was slave-knowledge, 
many of them had a quite understandable contempt 
for things you learn by getting your hands dirty. 
There were some exceptions, of course, but not many, 
and they did not attract much attention then or later. 

The Greek whose writings dominated European 
thought for more than a thousand years was Aristotle. 
He did devote a certain amount of time to a rather 
gentlemanly observation of plants and animals, and 
then set about establishing a systematic view of the 
world (that is, a philosophy) starting from certain rules 
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or ‘“‘laws’’ which he thought were reasonable and which 
appealed to his way of thinking. Whether things 
actually worked that way did not particularly matter. 
For instance, one of his “laws’’ was that there is a 
natural place for everything and everything tends to go 
to its proper place. (A very comfortable law for a 
slave owner.) The natural place for smoke is up in 
the air therefore smoke rises. The trouble with all 
this is that you can only be wise after the event: you 
can only know that a stone will sink in water and float 
in mercury after you have tried it. Also, it leads to 
the conclusion that heavy objects fall faster than light 
ones. When Galileo performed his famous experiment 
of dropping a heavy and a light object from the top of 
the Leaning Tower at Pisa, and the two objects reached 
the ground together, he became exceedingly un- 
popular with the authorities as a subversive fellow who 
undermined people’s faith. 

Aristotle’s ideas about matter were rather curious 
and had some interesting consequences. He supposed 
that there was one universal kind of matter which 
appeared in various guises depending on how much of 
the qualities of wetness, dryness, hotness, or coldness 
it happened to have associated with it. (Our word 
“substance” is derived from the Latin meaning ‘“‘that 
which stands under the observed qualities.’’) The 
four primary qualities were supposed to be represented 
or typified by earth, air, fire, and water, which stood 
also for heaviness, lightness, brightness, and wetness, 
and had a lot of mysterious and mystical affini- 
ties with the sun and moon and various planets. 
These four primary qualities were called the four 
Principles or Elements. Even as late as the time of 
Lavoisier, men were still using the words “‘element”’ and 
“principle” interchangeably. Nowadays, the word 
“element” has undergone a complete change of mean- 
ing so that instead of denoting a quality it has come 
to denote a thing. 

During the Dark Ages, and even after the time of 
Columbus, Aristotle’s teachings ranked as the equal 
of the Bible in authority. Thus Galileo was im- 
prisoned by the Inquisition for stating that there are 
spots on the sun and that the earth goes round it, in the 
face of the self-evident truths that the sun is perfect 
and therefore unspotted, and that the earth is the abode 
of man, and therefore the center of the Universe. 

But the practical iron-founders and soap-makers 
were not bothered much by these matters, and as long 
as the traditional methods continued to fill the bill 
they were all right. But eventually there came a time 
when the traditional methods would not fill the bill 
(we have seen what happened to the iron-founders) 
and from sheer necessity men had to find out how things 
work by trying experiments instead of looking up the 
answers in the book. 

And that was the beginning of modern science. 








The famous soap that is 99.44 per cent pure has nothing on mercury that is 99.99995 
per cent pure and is being produced in a certain laboratory at the rate of half a ton daily. 
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Chemical Identification of War Gases 


ALBERT W. CLAFLIN, Rhode Island College of Pharmacy and Allied Sciences and 
F. C. HICKEY, O.P., Providence College, Providence, Rhode Island 


In offering this directive for Gas Reconnaissance Officers the authors do so with the firm conviction that 
it is but the first step in the evolution of a finished manual that shall be simple, positive, and suited to the 
situations brought about during and after a gas attack. To this end we invite criticisms, corrections, 
amplifications, and even substitutions of tests that may prove to be more effective than those given here. 


EXPLANATORY 


LL BOMBING of cities remote from the front line of battle 

is done to prevent the manufacture, storage, and shipment of 
supplies needed at the actual scene of fighting. This result is 
arrived at by a double method: namely, the destruction of prop- 
erty, and the undermining of the morale of the people by dis- 
rupting normal life and public services and creating blind fear 
and panic. In general, death of a large number of persons is not 
primarily intended, uniess they are skilled workers gathered with- 
in a factory building. 

Bombs are of three kinds: (a) Explosive, which not only de- 
stroy noncombustible buildings and supplies stored therein, but 
also tear deep holes in streets, thereby disrupting water, gas, and 
electric services, and transportation systems; (b) Incendiary, 
whose specific duty is to set fires and thereby start conflagrations; 
and (c) Poison Gas, which not only keep people away from areas 
where fire and destruction has been spread, but because of their 
little-known action are the greatest force for disruption of morale 
and the spreading of panic. 

All three types of bombs may be used in‘a single attack or poi- 
son gas alone may be used for its blind fear-producing qualities. 
It should be noted that the so-called poison “‘gas’”’ consists of tiny 
droplets of liquid, or very fine solid particles in a ‘‘toxic smoke.” 
If released by explosion of a bomb it might be liquid splashed 
around, slowly,vaporizing into an invisible gas. This is particu- 
larly true of ‘‘persistent gases.’’ To function as intended all 
these vapors are heavier than air and diffuse very slowly upward. 
Most of them are slowly hydrolyzed and destroyed in moist air 
and are quickly diluted and rendered harmless by a wind velocity 
exceeding twelve miles per hour. Gas attacks are rare on rainy, 
foggy, or windy days. 

Gases are divided into two classes, namely, nonpersistent and 
persistent. Nonpersistent are those that on reasonably quiet 
days diffuse to a point of being no longer dangerous after ten 
minutes have elapsed, while moderately persistent are dangerous 
from ten minutes to twelve hours and very persistent for days and 
even weeks. It should be borne in mind that all vapors travel 
with the wind and there is little danger to anyone to windward 
or on each side of the traveling column of gas. (This is compli- 
cated a bit, of course, by eddies around high buildings.) 

There are perhaps 100 toxic gases known and more may be 
prepared, but Jacobs! lists but 38 and, of these, only a few are 


1 Jacoss, ‘‘War Gases,” Interscience Publishers, Inc., New 
York, 1942. 


practical. To be effective poison gases must meet the following 
requirements (which only a few measure up to, even in part): 
they must be cheap, stable, easy to transport, and effective in 
small concentrations; they must be relatively nonreactive (7. e., 
hard to destroy), heavier than air, difficult to detect by odor, and 
easy to produce from supplies obtainable in quantity. No one 
gas covers all these and the kit described below gives tests for 
those most likely to be used, totaling eight in all, plus mention of 
a new one for which tests have not yet been released. 

Should this country be attacked by bombers which have 
traveled 3000 miles, the liquid vesicants, mustard and Lewisite, 
are the most likely to be used and the tests given here are in- 
tended to cover every probable contingency not only for them but 
for the six others that might be considered second choices. 

Gas reconnaissance officers have a double duty: first, to secure 
samples and identify the gas, while taking proper precautions to 
safeguard the public; and second, to prevent panic and loss of 
morale by allaying the popular fear of ‘‘poison gas,’’ by the use of 
knowledge of what to do during and after a gas raid. They must 
be properly clothed and must wear gas masks on approaching a 
contaminated area, as well as rubber protection gloves on the 
hands. 


SAMPLING 


Gas officers should always work with the wind at their backs. 
It is of the utmost importance that three samples be taken—two 
to be sent back to gas identification laboratories, and one to be 
tested near the spot. These should be gathered as follows: 
Using the wooden spatulas, dig up contaminated earth, and place 
in sample bottles. If the liquid agent is on a solid surface use a 
wad of absorbent cotton, held in the tongs, to soak it up, and 
push into sample bottle. When bottles are one-half filled, tape 
down glass stoppers with adhesive tape. Use care not to contami- 
nate outside of bottle. Throw away used spatula and retire up 
wind with samples and tongs. Decontaminate tongs by taking 
wide-mouth 4-oz. bottle of water and shaking into it about one-half 
oz. of calcium hypochlorite. Stir with tongs (as far into the 
bottle as they will go). Then take another wooden spatula, 
wind cotton around one end, and after soaking in hypochlorite 
solution thoroughly swab off the tongs. Be very thorough in 
cleaning these tongs and very careful to throw cotton swab away 
in contaminated area only, or place in closed container for 
personal destruction later. Wash bottle clean within 24 hours. 


COMMON WAR GASES 


Persistent (P) 
or Not (N) 


Name 
Mustard 
Lewisite 
Phosgene (and DP Diphosgene) 
Chlorpicrin 
Chlorine 


CA Brombenzylcyanide 
Chloracetophenone 


DM Adamsite 


Experimental stage 


(IX) NHS Nitrogen mustards 


Chemical Formula 
(CH2CICH2)2S 
CICH=CHAsClI, 


Chemical Name 
6-8'-Dichlorethylsulfide 
Chlorvinyldichlorarsine 
Carbonyl chloride COChk, (CICOOCCI;) 
Chlorpicrin CCl;NO, 

Chlorine Cl, 


CsH;CHBrCN 
CsH;COCH:,C1 
N H (CegH,)2AsCl 


Brombenzylcyanide 
Chloracetophenone 
Diphenylaminochlorarsine 
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These gases, although very dangerous, are relatively harmless 
to those who know how to deal with them, but are so insidious in 
their action that they invite carelessness. Effects of personal 
contamination often are not felt and do not develop for 24 hours 
or mere, and very serious results have occurred through lack of 
thoroughness in cleansing and decontaminating utensils, tongs, 
and bottles. Nothing once touched by “liquid gas” should be 
left without decontamination, personally carried out or super- 
vised. Note carefully glass tubes, test tubes, bottles, and stop- 
pers, which must be decontaminated—also papers, cotton, wooden 
spatulas, etc., which must be burned. 

Gases are classified as to their physiological action and where 
they have more than one, the chief action, determines their 
classification. Using the order laid down by Jacobs,! they are as 
follows. 


A. Lung irritants: Primary action on the respiratory tract. 
Serious or fatal results common. 

Examples from our list: Phosgene, chlorpicrin, chlorine. 

B. Irritants: Affecting some organ of the body. Rarely 
fatal but causing intense distress for a time. 

1. Lachrymators. Tear gases. 
Examples from our list: Brombenzylcyanide, chlor- 
acetophenone. 
2. Toxicsmokes. Nose irritants. 
Example from our list: Adamsite. 
3. Labyrinthic war gases. Disturb equilibrium and are 
also lung irritants. Rarely used, not in our list. 

C. Vesicants: Blister gases. More correctly called corrosive 
gases. Insidious in action, because usually painless; 
they first blister, then eat away the skin. Serious and 
fatal results common. 

Examples from our list: Mustard, Lewisite, nitrogen 
mustards. 

D. Systemic Poisons: Highly toxic, acting on the nervous 

system. No examples given because all known are too 

volatile for effective use. 


GENERAL DIRECTIONS FOR FIELD KIT TESTS 


On arriving at scene of incident look for signs of gas. In the 
case of nonpersistent gases all direct evidence may have been 
dissipated, in which case it is important to question those at hand 
when the bomb burst or when gas droplets sprayed from plane 
struck ground. Ask particularly for appearance of gas cloud, if 
any, odor, and physiological effect on those exposed to it. Re- 
member that those exposed and who feel no ill effects may become 
serious casualties later if they do not lie down and keep quiet. 
No roping off of area necessary. 

If a persistent gas appears as liquid splashed, note with great 
care the appearance, odor (a slight ‘‘sniff”’ test only), and physio- 
logical action on those exposed. Assume at once that it is the 
most dangerous of the vesicant gases and take precautions ac- 
cordingly until your field test proves its identity. Have area 
roped off until gas is identified, and instruct that no food in the 
contaminated area is to be used until tested. 





STANDARD APPARATUS 


(Listed in order of use) 
For aspirating contaminated air into media for tests 


1. Aspirator bulb 

2. Bent tube 

3. Glass stopper from sample bottle 

4. Rubber stopper No. 6, 2-hole 

5. Sample bottle, 4-oz., glass stopper, wide mouth 
6. Contaminated sample 

7. Bent tube 

8. Rubber connection 

9. Bent tube 
10. Rubber stopper No. 0, 2-hole 

11. Test tube, pyrex, 6in. X 0.75 in. 

12. Media to absorb poison gas 
13. Vent tube (tube may be omitted, but vent must be open) 
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14. Graduated cylinder, 10 cc., to mix media (12) 
15. Stirring rod, glass, 5 mm. 


Caution: In inserting glass tubes through holes in rubber 
stoppers be sure both are wet with water. 

Note: Glass stopper (3) must always be replaced in sample 
bottle (5) as soon as aspirating is completed. Also when appa- 
ratus (1), (2), (4), (7) isremoved from sample bottle, aspirate pure 
air through several times to clear any possible contamination of 
bulb. 


SUPPLEMENTARY APPARATUS 


16. Absorption tube, to trap contaminating gases that might 
spoil test. Connected to aspirator bulb (1) and filled 
with cotton moistened with suitable reagent. In field kit 
used only on Lewisite test (1a). Chief value in labora- 
tory. 

17. Funnel, used to pull contaminated air from surface of ground 
or wall of building through media (12) in test tube (11) 
directly. Connect funnel (17) to a long piece of rubber 
tubing which has been attached to bent tube (9) at point 
(8). Connect intake of bulb (1) to end of tube (13). 
This method is not recommended where avoidable, due to 
danger of contamination of apparatus, kit, and operator. 




















GENERAL TESTS 


1. Throw a pinch of calcium hypochlorite on a pool of sus- 
pected liquid. A violent reaction indicates mustard, but di- 
ethyleneglycol, found as antifreeze in automobile radiators, gives 
the same result. Therefore confirm with later tests. 

2. Touch liquid or contaminated surface with white Warren 
vesicant paper. Use tongs. A light blue color indicates a vesi- 
cant gas, either Lewisite or mustard. Mustard turns it more 
slowly than Lewisite. (Note: Olive-green Government test 
paper, if available, gives orange-red test for mustard and darker 
more brownish red for Lewisite. These colors may vary with 
degree of concentration so are not conclusive for telling them 
apart. .Red Government crayon rubbed on paper gives blue 
test.) 

3. Remember—one test is not enough; two or more gases 
may be mixed together. 





SPECIFIC TESTS 


(Safety first—read all directions carefully) 
(I) Mustard, HS, (CH2CICH:).S, Persistent Vesicant 

1. Appearance. Usually heavy, dark, oily liquid; has been 
mistaken for crankcase drippings. Pure form (rarely used), 
water-white oily liquid. It evaporates slowly in both forms to a 
colorless gas. 

2. Odor. Garlic or horseradish; pure form (rarely used), very 
faint garlic or horseradish to odorless. 

3. Physiological Effect. (a) Immediate, none; (b) after 1 to 2 
hours, first effect inflammation of eyelids; (c) later, varies with 
subject from 12 to 36 hours: redness, blistering, eating away of 
skin to flesh. Little or no pain. Very serious to eyes and 
respiratory tract. In testing for odor, only a ‘‘sniff test’’ should 
be given, never a deep breath. 
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4. First Aid Treatment. Remove all contaminated clothing 
at once. Wash or shower, using plenty of soap. Run 2 per cent 
solution of baking soda in eyes and nasal passages, also gargle 
with it. Boric acid solution good as a follow-up. Speed is of 
more value than chemicals; if they are not available use water at 
once. 


5. Chemical Tests. 

(1) Selenium Dioxide Test (for liquid only). 
Reagents: Selenium dioxide mixture. 
Apparatus: 3-Hole spot plate. 

Glass stirring rod, 5 mm. 

Procedure: Place a small amount of selenium diox- 
ide mixture in two of the three holes of the spot 
plate. Open sample bottle and quickly transfer 
a drop of sample on end of glass rod to powder on 
spot plate. Return stopper to bottle. Add one 
or two drops distilled water. After waiting a min- 
ute repeat process using second hole of spot plate. 

Results: A slowly developing orange-red color 
indicates mustard. (Lewisite and other arsines 
give a brownish-red color and react more quickly 
than mustard. Carbon monoxide, hydrogen 
sulfide, and thiodiglycol also give somewhat 
similar tests, so judgment must be based on all 
evidence obtained. Note: A similar red test for 
mustard gas may be obtained by aspirating 
through a solution of 1 per cent selenium dioxide 
in sulfuric acid of one-half strength.) 

(2) Sodium Iodoplatinate Test 
Reagents: Sodium iodoplatinate solution. 

Starch solution, -1 per cent. 
Distilled water. 

Apparatus: Standard apparatus Nos. 1 to 15, in- 
clusive. 

Procedure: Measure 1 cc. sodium iodoplatinate 
solution into graduated cylinder (14) and dilute to 
5 ce. with distilled water. Pour into test tube 
(11). Aspirate air from over sample through 
liquid in test tube, add 2 to3 drops starch solution. 
“‘Aspirate’”’ means to torce air through liquid very 
slowly. In releasing pressure also fill bulb very 
slowly. 

Result: Mustard, carbon monoxide, sulfur dioxide, 
and some other reducing gases decolorize the 
solution. Mustard, however, liberates free iodine 
which turns the solution blue when starch solution 
is added. (Chlorine and nitrous fumes also 
liberate iodine. ) 


. 


(II) Lewisite, M-1 CICH=CHAsCh, Persistent Vesicant (Con- 
tains Arsenic) 

1. Appearance. Dark greenish brown oily liquid—pure form, 
colorless to yellowish. 

2. Odor. Geranium. 

3. Physiological Effect. Immediate. Nose and throat irrita- 
tion, lachrymation. About 30 minutes later, grayish skin burns, 
lung irritation, systemic arsenic poisoning. A better war gas 
than mustard from severity of action but poorer in general be- 
cause more easily hydrolyzed and rendered harmless. 


4. First Aid Treatment. Remove clothing. Wash with hot 
water and soap. Use all directions given under Mustard. In 
bad burns it may be necessary to remove part of the flesh but this 
should be left to the physician. Lewisite is a lung irritant also 
and victim must lie down and keep quiet. 

5. Chemical Tests. (Note previous general tests with vesicant 
papers and selenium dioxide test under mustard. If these are 
negative, Lewisite is probably not present.) 

(1 a) Ilosvay Test: [(la) and (1d) together are a specific 
test for Lewisite]. 
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(1 a) Reagents: Sodium hydroxide solution 15 per cent. 
Lead acetate solution 10 per cent. 
Cotton. 

Ilosvay test paper. Must be made 
just prior to using by taking Ilosvay 
Solution No. 1 and pouring 4 cc. into 
10-cc. graduated cylinder. Then, 
while stirring with glass rod, slowly 
add Ilosvay solution No. 2 until 
liquid becomes faintly blue. Add 
ammonium hydroxide, 10 per cent, 
until just colorless. (Avoid excess 
which renders test paper worthless. 
Meniscus remains faintly blue.) 

Apparatus: Standard apparatus Nos. 1 to 15, in- 
clusive, plus No. 16 absorption tube. 

Procedure: Moisten a small wad of cotton with 
lead acetate solution and push it down the large 
end of absorption tube (16) to the glass bulb. 
Then attach small end of absorption tube (16) to 
rubber tubing on intake end of aspirator bulb (1). 
This will trap any interfering hydrogen sulfide. 
Now place 1 cc. sodium hydroxide solution 15 per 
cent in test tube and suspend a strip of Ilosvay 
test paper (moist) in top of test tube near vent 
hole in rubber stopper. Aspirate air from over 
sample through liquid in test tube. Save solu- 
tion in test tube for (1b). 

Result: Acetylene gas is formed which changes 
bluish Ilosvay color to reddish color. (Note: 
Research now being carried out will present a 
simpler test. Will be published in supplement 
later.) 

(1 b) Gutzeit Test (for arsenic). 

Reagents: Hydrochloric acid one-half strength. 

Zinc pellets arsenic free. 
Mercuric chloride test paper (used 
dry). 

Apparatus: Six-inch test tube from experiment 
(1a) containing 1 cc. sodium hydroxide solution 
15 per cent through which suspected gas has 
already been aspirated. 
1-Hole stopper No. 0. 

Bent glass tube. 

Procedure: To the 1 cc. of sodium hydroxide solu- 
tion 15 per cent saved from experiment (la) add 
4 cc. hydrochloric acid one-half strength. Adda 
pellet of zinc (arsenic-free) and closé top of test 
tube immediately with 1-hole rubber stopper 
through which passes a glass tube. (Note: If 
after two minutes gas fails to form on pellet and 
bubble out add 1 cc. additional hydrochloric acid 
one-half strength. Fold a dry strip of mercuric 
chloride test paper lengthwise and insert in out- 
side open end of glass tube; also a wad of cotton 
moistened with lead acetate in inside end of glass 
tube. 

Result: A yellowish to brownish-black coloration 
on end of paper nearest the test tube indicates 
arsenic and with (la) also positive, proves 
specifically Lewisite. Color may develop slowly. 


(III) Phosgene, CG (and Diphosgene, DP), COCI: (and CICOOC- 

Cl;), Non-Persistent Lung Irritant 

1. Appearance. Phosgene alone may be a white gas at in- 
stant bomb explodes. Both evaporate to colorless gases. Di- 
phosgene may persist up to 30 minutes as colorless oily liquid. 

2. Odor. Suffocating, acrid, musty hay or pumpkin. 

3. Physiological Effect. Choking, coughing, breathing hurts, 
eyes water, increasing mental dullness, cyanosis. Immediate 
effects quickly pass off with exception of impaired taste for to- 
bacco and food. Later effects may be serious to fatal. 
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4. First Aid Treatment. Victim must lie down and keep 
absolutely quiet regardless of feeling ‘‘all right.’” Lungs must 
have complete rest. Remove on stretcher. Keep warm. Give 
hot coffee or tea as stimulant if available. No alcoholic stimu- 
lants. 

5. Chemical Tests. (In general, tests are worthless for phos- 
gene as it diffuses off as a vapor before attack could be reported, 
but diphosgene as a liquid offers a chance for obtaining samples. ) 


(1) Harrison Test: (Standard test in Great Britain). 
Reagents: Harrison’s Reagent Test Paper (used 
dry). 
Note: In amber vial protected from light. 

Apparatus: None. 

Procedure: Remove glass stopper from sample 
bottle and insert test paper so that replacement of 
stopper will hold test paper suspended in air above 
sample. Check appearance during first minute 
and again at five and ten minutes. Remove 
test paper to pure air and note color reaction if 
any. 

Result: Immediate result is an orange color turning 
to brown and later fading out to a speckled brown 
with greenish background. No change of color 
takes place when removed to pure air. (See 
chlorpicrin. ) 


(IV) Chlorpicrin PS, CCl;NO:, Persistent Lung Irritant 

1. Appearance. Colorless oily liquid evaporating slowly to 
colorless gas. May be yellowish liquid if impure enough. 

2. Odor. Sweetish, anise (flypaper, smoldering rags). 

3. Physiological Effect. Immediate violent coughing, severe 
lachrymation, vomiting, painful breathing. 
Same as for phosgene. Also wash 
Complete rest of body required. 


4. First Aid Treatment. 
out eyes if water available. 
5. Chemical Tests. 
(1) Dimethylaniline Test. 

Reagents: Dimethylaniline test paper prepared 
shortly before use by taking dimethylaniline 10 
per cent solution in carbon tetrachloride (or ben- 
zene) and dipping filter paper strips from green 
glass vial and drying. Used dry or nearly so. 

Apparatus: None. 

Procedure: Suspend filter paper in sample bottle 
as directed under phosgene and remove to pure air 
after one minute. 

Result: Paper turns yellow to orange and this color 
fades out quickly when removed to pure air. 
(Nitrous fumes give reasonably permanent yel- 
low.) 

(2) Diphenylamine Test. 

Reagents: Diphenylamine sulfuric acid solution. 

Distilled water. 

Ferrous sulfate crystals. 

Standard apparatus Nos. 1 to 15 (must 
be dry). 
Spot plate. 

Procedure: Place 2 cc. to 3 cc. diphenylamine- 
sulfuric acid solution in a dry test tube and aspir- 
ate air from over sample through the liquid. Use 
ten aspirations and observe result. Fill one de- 
pression of spot plate with a pinch of ferrous 
sulfate, fine crystals. Then open connection be- 
tween 8 and 9 on standard apparatus and place 
finger tightly over open end of 9. Lift stopper 10 
and tubes 9 and 13 together out of test tube. A 
few drops of liquid will be held in tube 9. By re- 
leasing finger fill a clean depression in spot plate 
with solution and also place one drop on ferrous 
sulfate crystals. Add one drop distilled water to 
liquid in the clean depression. Observe result. 


Apparatus: 
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Result: After the ten aspirations, liquid remains 
colorless. In spot plate deep blue color develops 
on addition of drop of distilled water and shows 
probable presence of chlorpicrin. (Chlorine, 
stannic chloride, and titanium chloride give a 
similar result, so ferrous sulfate test is necessary. ) 
When drop of solution is added to ferrous sulfate, 
greenish crystals first become white then faintly 
brownish, showing the presence of oxides of nitro- 
gen and confirming chlorpicrin, as chlorine, stannic 
chloride, and titanium chloride do not do so. 

(V) Chlorine, CL, Cl., Non-persistent Lung Irritant 

1. Appearance. A greenish-yellow gas. 

2. Odor. Characteristic—highly pungent 
powder. 

3. Physiological effect. A strong lung irritant causing cough- 
ing, lachrymation, nausea, and vomiting. 

4. First Aid Treatment. Treat as for phosgene. 
rest, keep warm, use coffee or tea only, as stimulant. 

5. Chemical Tests. 

(1) Starch-Potassium Iodide Test. 

Reagents: Starch-potassium iodide paper. 

Apparatus: Standard apparatus Nos. 1 to 15. 

Procedure: Suspend test paper in test tube, first 
moistening with distilled water and aspirate air 
from over sample into test tube. Test can be 
obtained with paper dry but not so easily. 

Result: A deep blue color indicates chlorine. (Not 
entirely specific as bromine and certain oxidizing 
agents give it; confirm with Experiment 2.) 


like bleaching 


Complete 


(2) Potassium Bromide—Fluorescein test. 
Reagents: Potassium bromide—fluorescein 
paper 
Apparatus: Standard apparatus Nos. 1 to 15. 
Procedure: Exactly as in Experiment 1. 
Result: Yellowish test paper changes to red in the 
presence of chlorine. 


(VI) Brombenzylcyanide, CA, CsH;CHBrCN, Persistent Lach- 
rymator 

1. Appearance. 
to a colorless gas. 
melting at 77°F. 

2. Odor. Sour fruit. 

3. Physiological Effect. Burning sensation, most severe irrita- 
tion of eyes with lachrymation and acute pain in the forehead. 
(Note: This gas is sometimes mixed with others to disguise 
them.) 

4. First Aid Treatment. Wash eyes with boric acid solution. 
Do not bandage. Effect usually wears off after a time but in 
concentrated form may be dangerous. Fresh air blowing on eyes 
also relieves irritation. 

5. Chemical Tests. 

(1) Silica Gel Test. 

Reagents: Granules of silica gel (colorless). 

Silver nitrate solution 10 per cent. 
Ammonium hydroxide solution 10 per 
cent. 

Apparatus: Standard apparatus Nos. 1 to 15. 

Procedure: Place !/2-in. silica gel granules in bot- 
tom of test tube and aspirate air from over sample 
through therm. In the graduated cylinder put 2 
ee. silver nitrate solution 10 per cent and add 
ammonium hydroxide solution 10 per cent until 
precipitate first formed redissolves. Pour this 
solution over the granules of silica gel. 

Result: A brown-black precipitate of silver shows 
brombenzylcyanide. (Lewisite and chloraceto- 
phenone give same test so confirm with test 2. 
Action may be very slow; set aside for some time.) 


test 


Oily dark brown liquid slowly evaporating 
Pure form is a yellow-white crystalline solid 
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(2) Sulfuric Acid Test. 

Reagents: Concentrated sulfuric acid. 

Apparatus: Standard apparatus Nos. 1 to 15. 

Procedure: Place 2 to 3 cc. concentrated sulfuric 
acid in the test tube. Aspirate air from over 
sample through the acid and warm if no color 
appears. 

Result: A pink to red color shows brombenzyl- 
cyanide. 


(VII) Chloracetophenone, CN, CsH;COCH.CI, Non-persistent 
Lachrymator 


1. Appearance. Colorless to brown crystalline solid, bluish- 
gray smoke of solid particles when exploded in air. Sometimes 
dissolved in chlorpicrin or harmless solvent, forming a colorless 
liquid. 

2. Odor. 


3. ¥ Physiological Effect. 
closes"eyes, lachrymation. Damage not lasting. 


4. First Aid Treatment. Wash eyes with boric acid. Wash 
skin with 4 per cent sodium sulfite solution in alcohol 50 per cent 


strength. 


5. Chemical Tests. 
(1) Silica Gel Test. 

Reagents: Granules of silica gel (colorless). 

Silver nitrate solution 10 per cent. 
Ammonium hydroxide solution 10 per 
cent. 

Apparatus: Standard apparatus Nos. 1 to 15. 

Procedure: Follow directions in brombenzylcyanide 
chemical test No. 1. 

Result: A brown-black precipitate of silver shows 
chloracetophenone but as brombenzylcyanide and 
Lewisite give same result use this test after you 
have tested for Lewisite with vesicant paper and 
for brombenzylcyanide with test No. 2 under tests 
for that gas. Action may be very slow; set aside 
for some time. 

(2) Indole Test. For laboratory—reagents not in field kit. 

Reagents: Alcoholic ammonia (1 part, conc. 

NH,OH-2 parts, alcohol). 

Solution p-dimethylaminobenzaldehyde, 
10% in alcohol. 

Hydrochloric acid one-half strength. 

Apparatus: Standard apparatus Nos. | to 15. 

Procedure: Put 3 cc. alcoholic ammonia in test tube 
and aspirate air from over sample through it. 
Acidify with 2 to 3 drops of hydrochloric acid one- 
half strength and add a few drops of solution of p- 
dimethylaminobenzaldehyde. 

Result: Indole is formed in the alcoholic ammonia 
which, after solution is acidified, gives a brilliant 
red color upon addition of the solution of p-di- 
methylaminobenzaldehyde. 


Apple blossoms. 
Violent irritation of eyes and skin; 


(VIII) Adamsite, DM, NH (CsH,)2 AsCl, Non-Persistent Toxic 

Smoke (contains Arsenic) 

1. Appearance. Canary-yellow solid with high melting point. 
Sublimes easily. When exploded from shell or bomb gives a 
greenish-yellow smoke of fine solid particles. 

2. Odor. When pure—none. Usually accompanied by odor 
of coal smoke due to fuel in grenade used to vaporize it. 

3. Physiological Effect. Very irritating, toxic, (arsenical) 
causes sneezing followed by headache and vomiting. Marked 
mental depression. Prostrates for a time. 

4. First Aid Treatment. Remove to pure air and keep warm 
and quiet. Outer clothing should be discarded if contaminated. 
Effects usually wear off in 24 hours with no permanent damage to 
body. 


5. Chemical Tests. 
(1) Sulfuric Acid Test. 

Reagents: Denatured alcohol. 
Concentrated sulfuric acid. 
Sodium nitrate powder. 

Apparatus: Alcohol lamp. 
Tripod. 
Wire gauze. 
Evaporating dish. 
Tongs for dish. 
10-cc. graduated cylinder. 

Procedure: Add 10 cc. denatured alcohol to sample 
bottle, stopper container, and shake. Pour off 
liquid and save one-half for Experiment 2. (As 
an alternative method set up standard apparatus 
Nos. 1 to 15 and aspirate air over sample through 
5 cc. denatured alcohol in a test tube.) Pour into 
evaporating dish. Set up tripod with wire gauze 
on it and light alcohol lamp and place it below. 
Lift evaporating dish with tongs and place on wire 
gauze square. Evaporate to dryness. Use great 
caution and do not touch dish with hands as alco- 
hol vapors, heated, easily catch fire. (In labora- 
tory, dish must be heated on water bath.) When 
dry, cool dish, and add 2 drops concentrated sul- 
furicacid. Note color and add a pinch of powdered 
sodium nitrate. 

Result: Addition of concentrated sulfuric acid gives 
brilliant red color, addition of sodium nitrate to 
red color changes color to deep blue green. (Note: 
If gas is aspirated directly into concentrated 
sulfuric acid a red color is produced changing to 
blue-green on the addition of sodium nitrate. 
This reaction may be very violent and this method 
is therefore not recommended. ) 

(2) Silver Nitrate Test. 
Reagents: Denatured alcohol. 
Glacial acetic acid. 
Silver nitrate solution 10 per cent. 

Apparatus: As in Experiment 1. 

Procedure: To another 5 cc. of alcoholic extract 
saved from Experiment 1 and evaporated to dry- 
ness add 5cc. of a mixture made by pouring 2.5 cc. 
silver nitrate solution 10 per cent into the 10-cc. 
graduated cylinder and making up to 5 cc. with 
glacial acetic acid. (Note: Concentrated acids 
must always be poured into diluents—never the 
reverse.) Let stand for 10 minutes, warming 
moderately. Do not boil. 

Result: An intense yellow color indicates Adam- 
site. 

NHS, (CH,CICH:);N, Persistent 


(IX) Nitrogen Mustards, 


Vesicants 

1. Appearance. A series of liquids and solids, of which the 
formula given above is best known. 

2. Odor. 


3. Physiological Effect. Less vesicant action than mustard 
but greater effect on eyes—blindness may follow in one to six 
hours. Action on the body quicker than for mustard. 


4. First 


Ammoniacal fishy to odorless. 


Aid Treatment. Follow directions for mustard 
promptly. Irrigate the eyes with 2 per cent solution of sodium 
bicarbonate or plain water immediately. Delay may be serious. 

(The above information on NHS nitrogen mustards was ob- 
tained from the Journal of the American Chemical Society (57, 914 
(1935)) and from ‘‘First Aid in Chemical Casualties,’’ OCD, 
2202-1, January, 1943.) 


5. Chemical Tests. Standard tests have not yet been released 
for this new group and reagents therefore will not be included in 
field kit until later. 





DM, CA 13. 


CA, CN 16. 


CA, DM, 17. 





REAGENTS 
(All c. p. grade or highest purity obtainable) 
1. Distilled Water 
4-oz. g. s. narrow-mouth bottle for use 
4-oz. g. s. wide-mouth bottle to make calcium 
hypochlorite solution for decontamination 
Calcium Hypochlorite U. S. P. X 
4-o0z. g. s. wide mouth bottle 
3. Selenium Dioxide Mixture 
1/,-0z. screw cap vial 
4. Sodium Iodoplatinate Solution 
l-oz. s. c. dropper bottle 
5. Starch Solution 1 per cent 
l-oz. s. c. dropper bottle 
6. Ilosvay Solution No. 1 
1-oz. s. c. dropper bottle 
Tlosvay Solution No. 2 
l-oz s c. dropper bottle 
7. Ammonium Hydroxide 10 per cent 
l-oz. s. c. dropper bottle 
8. Lead Acetate Solution 10 per cent 
l-oz. s. c. dropper bottle 
9. Sodium Hydroxide Solution 15 per cent 
l-oz. s. c. dropper bottle 
10. Hydrochloric Acid one-half strength (of concen- 
trated acid) 
l-oz. s. c. dropper bottle 
11, Zinc pellets—Must Be Arsenic Free 
1/9-0z. Ss. Cc. Vial 
12. Dimethylaniline Solution (10 per cent in carbon 
tetrachloride) 
l-oz. s. c. dropper bottle 
Sulfuric Acid concentrated 
l-oz. s. c. dropper bottle 
14, Diphenylamine—Sulfuric Acid Solution 
l-oz. s. c. dropper bottle 
15. Ferrous Sulfate fine cryst. 
1/5-02. Ss. C. Vial 
Silica Gel (colorless) 
1/o-0z. Ss. C. Vial 
Silver Nitrate Solution 10 per cent 
1-oz. s. c. dropper bottle 
18. Alcohol Denatured 
2-oz. g. s. narrow mouth bottle 
19. Sodium Nitrate Powder 
1/,-0z. Ss. c. Vial 
20. Glacial Acetic Acid 
2-0z. g s. narrow mouth bottle 


bo 


6 (a). 


TEST PAPERS 
1. Vesicant Test Paper (used dry) 
2 pkgs. white (Warren), 
Govt.) 
Red vesicant crayon (U.S. Govt.) 
2. Filter Paper Strips for dipping 
3/,-0z. s. c. vial—green glass 
3. Mercuric Chloride 
1/5-0z. s. c. Vial 
4. Harrison’s Reagent (Keep from light) 
1/5-0z. s. c. vial—amber glass 
5. Starch—Potass. Iodide (Keep from light) 
1/5-0z. s. c. vial—amber glass 
6. Potass. Bromide—Fluorescein 
1/9-0z. S. C. Vial 
7. Litmus Paper, Neutral 
1/.-0z. vial original packing 





LABORATORY REAGENTS 
(Used to prepare kit reagents and test papers) 


Selenium Dioxide Mixture: 
and 20 g. aahyd. calcium chloride 


olive-green (U. S. 


Mix 5 g. selenium dioxide 
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Sodium Iodoplatinate Solution: 5.3 cc. sodium iodide 
(5 per cent solution) and 1 cc. platinic chloride (5 per 
cent solution). Dilute to 180 cc. and let stand 24 
hours before using. 

Starch Solution (1 per cent): Rub 1 g. soluble starch 
to paste in a little cold water; pour into 100 cc. boiling 
water in which 1 mg. mercuric iodide is dissolved as 
preservative. Cool and bottle. 

Ilosvay Solution No. 1: Dissolve the following in 25 cc. 

warm water: 4 cc. conc. ammonium hydroxide, 3 g. 

ammonium chloride, 5 g. hydroxylamine hydro- 

chloride. 
Ilosvay Solution No. 2: Dissolve 3 g. copper sulfate 
in 25 cc. warm water. 

No. 14. Diphenylamine sulfuric acid solution: Dissolve 5 mg. 

diphenylamine in 25 cc. conc. sulfuric acid. 


No. 6. 


No. 6 (a). 


All other laboratory reagents needed are listed in Reagent 
List (just before Test Papers) and need only to be made up in 
strength desired. 


Test Papers 


No. 3. Mercuric Chloride: 
paper and dry. 


Make 5 per cent solution; immerse 


No. 4. Harrison’s Reagent: Dissolve the following in 50 cc. 
carbon tetrachloride: 5 g. p-dimethylaminobenzalde- 
hyde, and 5 g. diphenylamine. Immerse paper and 
dry. Caution: Keep solution and paper from light. 

No. 5. Starch—Potassium Iodide: Rub 1 g. soluble starch toa 


paste with a little cold water, then stir into 75 cc. boil- 
ing distilled water. Continue to boil for five minutes. 
Cool; dissolve 2 g. potassium iodide in it and dilute to 
100 cc. Immerse paper and dry. Keep solution and 
paper from light. 

No. 6. Potassium Bromide—Fluorescein: Dissolve the follow- 
ing in 100 cc. distilled water: 0.2 g. fluorescein, 30 g 
potassium bromide, 2 g. potassium hydroxide, and 2 g. 
anhydrous sodium carbonate. Immerse paper and 
dry. 


LIST OF APPARATUS FOR CHEMICAL WARFARE TEST KIT 


Item 
1. Six 2-oz. glass-stoppered bottles (n. m.) (2 filled, 4 empty). 
2. Two 4-oz. glass-stoppered bottles (n. m.) (1 filled, 1 empty). 
3. Six 4-oz. glass-stoppered bottles (w. m.) (2 filled, 4 empty, 


for samples). 
4. Twelve l-oz. screw cap dropper bottles. 
5. Sixteen screw cap vials. (Thirteen one-half oz., flint; two 
1/.0z. amber; one */,0z., green. Eleven filled, 5 empty.) 
6. One 50-cc. aspirator bulb equipped With hard rubber valves 
and rubber tubing (6in. * !/,in.) on each end. 
7. Three 100-mm. absorption tubes (No. 46010). 
8. Three one-hole rubber stoppers to fit (No. 0). 
9. Six pyrex test tubes (6 in. X 3/4 in.). 
0. Six rubber stoppers to fit (No. 0, three one-hole and three 
two-hole). 
11. One package absorbent cotton, 1 oz. 
12. One roll z. o. plaster (1/2 in. X 10 yd.) to fasten bottle stop- 
pers. 
13. One 75-mm. 3-in. short-stem glass funnel (No. 29000). 
14. Five pieces glass tubing (one, 6 mm.;. four, 7 mm.) cut to 8- 
in. lengths. Bend last 2 inches at right angles on three. 
15. One piece rubber tubing, special, 2mm. X 7 mm. for con- 
nections (8 inches in length). 
16. Six wooden spatulas for taking samples. 
17. One porcelain evaporating dish (No. 0) for Adamsite test. 
18. One porcelain spot plate No. 4/0 (three-hole). 
19. One test tube brush (15 mm.) bristles No. 11-S. 
20. One pair cadmium-plated evaporating dish tongs. 
21. One 2-oz. glass alcohol lamp. 
22. One 10-cc. graduated cylinder No. 20025-K. 


as. 
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23. Two 5-mm. glass stirring rods. 

24. One test tube holder with finger rests. 

25. One4in. X 4 in. wire gauze (square with asbestos center). 

26. One midget tripod. 

27. One No. 6 two-hole rubber stopper to fit 4-oz. g. s. w. m. 
bottle. 

28. One tube neutral litmus paper. 


ACKNOWLEDGMENT 


The authors gratefully acknowledge the help they received, in 
the preparation of this paper, from Mr. Edmund A. Quinn, of 
the Rhode Island State Council of Defense, and Mr. Joseph 
Wuraftic, of the Rhode Island State Board of Health. 


357 


GENERAL REFERENCES 


(1) Jagoss, ‘‘War Gases,’’ Interscience Publishers, Inc., New 
York, 1942. 


(2) Prentiss, ‘Chemicals in War,’ McGraw-Hill, New York, 
1937. 


(3) Hickey AND Haney, “War gas identification sets,” 
Cuem. Epuc., 19, 360 (1942). 

(4) Brap.ey, “Chemical detection of war gases for civilian de- 
fense,’’ Chem. Eng. News, 20, 893 (1942). 

(5) Witson, ‘‘Tests for chemical warfare agents,’’ Worcester 
Polytechnic Institute, 1943. 

(6) Fifth gas specialist class and all references as given by the 
War Department Civilian Protection School, Amherst, 


Massachusetts, March, 1943. 





JAMES CURTIS BOOTH, CHEMIST (Continued from page 318) 


example, he was a member of the Pennsylvania Horti- 
cultural Society (1842), of the Academy of Natural 
Sciences (1852), of the Maryland Institute for the 
Promotion of Mechanic Arts (1853), of the Philadelphia 
Society for the Promotion of Agriculture (1859), of 
the Historical Society of Pennsylvania (1884), and 
President of the American Chemical Society in 1883 
and 1884, declining reélection for the third term. It will 
be noticed that his presidency fell in the dark days of 
the eighties, when the Society was losing its member- 
ship rapidly because its activities were then too much 
localized in* New York, and Dr. A. A. Breneman is 
authority for the statement that despite this discourag- 
ing outlook Booth, though past seventy years of age, 
regularly journeyed every month to preside over the 


3 “What a hole in the wall it was in New York University 
where we met, that is, the New York Section. A basement room, 
with a door and to its right two windows on the same side of the 
room. Ventilation there none except lurid remarks about its 
lack. Subsequently the Section met in father’s lecture room at the 
City College in the 23rd Street building. It was better but not 
ideal. These facts instigated the foundation of the Chemists’ 
Club, and the lease of the Hall in 55th Street. From there we 
have moved to 41st Street... ..".—Charles A. Doremus, Jan. 28, 
1923 (Letter addressed to E. F. S.). 


meetings, and the same authority adds that usually 
Booth first visited his laboratory, where the chemists 
dropped in, and from there adjourned to Siegortner’s 
Restaurant in Lafayette Place for dinner, after which 
they walked across to Washington Square, where, in 
the rooms of New York University,’ their meetings 
were held. 

Booth was Assistant Secretary of the Diocese of 
Pennsylvania from 1865 to 1871 and privately inter- 
ested in many philanthropies. 

In 1867 the University of Lewisburg, now Bucknell 
University, conferred upon him the degree of Doctor 
of Laws and in 1884 the Rensselaer Polytechnic In- 
stitute added the degree of Doctor of Philosophy. 

His native city was Philadelphia; the date of his 
birth July 28, 1810, and his parents George Booth and 
Ann Bolton. In 1853 he was married to Margaret M. 
Cardeza. 

It was on May 21, 1888, that death struck Dr. 
Booth’s name forever from the roll. . 

Faith lightened the burden of the last days of a career that has 


left a name worthily interwoven with the great fabric of the 
world’s onward and upward progress. 





(Continued from page 343) 


“official’’ recom- 


substance have been included in 


mendations. '! 

Recent statements of the Office of Civilian Defense 
indicate reasonable agreement with the point of view 
developed by us (Operations Letter No. 128, Office of 
Civilian Defense, May 15, 1943). We are grateful for 
the cordial cooperation of the Office of Civilian Defense 
in our efforts on the Pacific Coast last year and for 
many helpful suggestions in this report. 


uJ. Am. Med. Assoc., 110, 889 (July 11, 1942). 


Some later experimental data on the comparison of 
methods of treatment for mustard gas exposure are 
given in Tables 3 and 4, as well as in the full-size 
photograph shown in Figure 1. 


SUMMARY 


War gases act on people economically, politically, 
and psychologically, as well as in direct biological ways. 
It is wise to offer all available information on war gases 
to the public in order to dispel ignorance, reduce fear, 
and prevent panic from their possible use against 
civilians. 





NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


221st Meeting—April 3, 1943 
The Phillips Exeter Academy 
Exeter, New Hampshire 


DUE to transportation difficulties, the divisional 
meetings of the Association have been less well attended 
this year, but the division chairmen have been very 
successful in maintaining high standards for the 
programs. The 22lst meeting was unusually interest- 
ing and those who were able to attend were amply re- 
paid for their efforts. The program consisted of the 
following addresses: ‘‘Address of welcome,” Dr. Lewis 
Perry, Principal, The Phillips Exeter Academy; 
‘Chemists and teaching of chemistry, with a discussion 
of the chemical and sanitary work of the State Depart- 
ment of Health,’’! Mr. Charles D. Howard, Director, 
Division of Chemistry and Sanitation, State Board of 
Health, Concord, N. H.; “Chemistry, today and to- 
morrow,” Mr. L. F. Livingston, E. I. duPont de Ne- 
mours and Co., Wilmington, Del.; ‘Science in Exe- 
ter,’ Mr. John C. Hogg, Chairman of the Science 
Department; “‘Lecture demonstrations,’’ Dr. Charles 
L. Bickel, Instructor in Chemistry and “Student re- 
search problems,” Frederic Richards, an Exeter 
student. The motion picture, ‘““Bouncing molecules,” 
produced for the Standard Oil Company of New Jersey, 
was exhibited. 

Prior to luncheon, served in the Academy Grill, 
President Theodore C. Sargent called a brief business 
meeting. The secretary announced that Lt. L. 
Ashley Rich, N.R.O.T.C., Chapel Hill, N. C., formerly 
of Hillyer Junior College, Hartford, Conn., had been 
placed upon the Deferred Membership List. The elec- 
tion of the following to active membership was announced 
by the Membership Committee: Dr. Andrew J. Scar- 
lett, Professor of Chemistry, Dartmouth College, Han- 
over, N. H., and Mr. Stanwood B. Towne, Central 
High School, Bridgeport, Conn. 

The following were appointed to the nominating 
committee: Miss Mary B. Ford, Milford (Mass.) 
High School, Chairman; Professor Samuel E. Kamer- 
ling, Bowdoin College, Brunswick, Maine; and Mr. 
Carroll B. Gustafson, Mass. College of Pharmacy, 
Boston, Mass. 

The Necrology Committee presented a resolution on 


! Mr. Howard’s Presidential Address, New Hampshire Acad- 
emy of Science, on a similar topic, was published in Tu1s Jour- 
NAL, 20, 82 (February, 1943). 


the death of Harold C. Martin, which was adopted and 
incorporated in the records of the Association, and pre- 
pared the following statement concerning Mr. Martin’s 
career. 


HAROLD C. MARTIN 


Harold C. Martin, a teacher of chemistry, physics, and 
mathematics at South High School, Worcester, Mass., 
died very suddenly of a heart attack on June 3, 1942, 
at his home in Shrewsbury, age 57 years. 

He was born in Wakefield, Mass., the son of Rev. 
Thomas C. and Carrie Deane Martin. He was 
graduated from Warren High School in 1900, and from 
Wesleyan University in 1906. He took courses in 
food and chemistry at Westfield Normal School for two 
years, while employed with Chapman Valve Co., at 
Indian Orchard. 

He taught chemistry at Watertown (Mass.) High 
School and at Peabody (Mass.) High School, before 
coming to Worcester in 1911 to become a member of the 
faculty at South High School, where he taught for 
thirty-one years, up to the very day of his death. 

He took an unusual interest in his pupils, by whom 
he was greatly loved. He was not satisfied to follow 
a routine in the teaching of chemistry, but was always 
striving to make the work more practical. 

Beside being a member of the N.E.A.C.T for many 
years, having first joined the Association in 1907, he 
was a member of the Chemical Engineering Society, a 
past master of the Isaiah Thomas Lodge A. F. and A. 
M., and a charter member of the John Whittal Lodge, 
a deacon in the Congregational Church, a member of 
the Shrewsbury Grange, and a trustee of the Shrews- 
bury Library, in which he had a keen interest. 

(The data for this statement were furnished by Mr. 
Myron W. Stickney.) 


S. WALTER Hoyt, Chairman 
Necrology Committee 


222nd Meeting—May 15, 1943 
Tufts College 
Medford, Massachusetts 


THE annual meeting was held in the Tufts College 
Chemical Laboratories. During the morning session 
the program consisted of two addresses: Dr. John S. 
Blake, Simplex Wire and Cable Company, Cam- 
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bridge, Massachusetts, ‘“‘Review of the rubber situa- 
tion’; and Dr. Robert H. Aldrich, Harvard Medical 
School, ‘“‘The modern treatment of burns.’’ Paren- 
thetically, it may be stated that Dr. Aldrich observed 
most of the burn cases of the Cocoanut Grove holo- 
caust. He presented one of the most stimulating and 
provocative addresses it has been the pleasure of the 
members to hear. He disclosed his reasons why the 
tannic acid treatment for burns should be abandoned 
and cited impressive evidence for the use of ‘‘triple 
dyes’ to control the bacterial infection of the burned 
area. Under this treatment the mortality from serious 
burns at the Boston City Hospital has been reduced 
from 47 per cent to about 7 per cent. 

After a splendid luncheon in the Tufts College Re- 
fectory, the members reconvened for an address by 
Dr. Gustavus J. Esselen, well-known consulting 
chemist and engineer of Boston, who spoke on the 
topic, “Rebuilding the world through chemistry.”’ 
This interesting talk was followed by the annual busi- 
ness meeting. 

Professor Raymond E. Neal, Secretary of the 
N.E.A.C.T., reported that membership had dropped 
only slightly during the year, in spite of many factors 
which would tend to cause it to decline. The total 
number of members in the various categories at present 
is as follows: active, 331 (including 21 new members 
elected during the year); honorary, 3; deferred, 29; 
and complimentary, 1. Six meetings were held during 


the year with an average attendance of 52, in spite of 


difficulties of transportation. The secretary also 
announced the election of Dr. Otis E. Alley, Head of 
the Science Department of the Winchester (Massa- 
chusetts) High School to active membership. 

Miss Sue C. Hamilton, Treasurer of the N.E.A.C.T., 
gave an interim report on the finances, showing a 
balance of $466.99. The final report at the end of the 
fiscal year on July 1 will be presented to the Executive 
Committee at its meeting during the Summer Con- 
ference. 

Professor A. A. Blanchard, Treasurer of the Endow- 
ment Fund, reported that the Fund now had a balance 
of $1821.23. During 1942-43 the income of the fund 
was used to help defray the cost of the October, Novem- 
ber, and December issues of the JOURNAL OF CHEMICAL 
EpucaTION to enable the Association to start the sub- 
scription year on January 1. With this report Pro- 
fessor Blanchard ended his term on the Endowment 
Fund Committee and received an expression of warm 
appreciation from the members present for his com- 
petent services. 

There also were reports of progress by the Summer 
Conference Committee and the Chemical Education 
Committee. 

Mr. Elbert C. Weaver gave the following report for 
the Committee on Honorary Memberships: 

The Committee on Honorary Memberships is 
pleased to recommend that Elwin Damon, of Keene, 
New Hampshire, be elected to honorary membership 
in the Association. 
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Mr. Damon joined the Association in 1914 while 
teaching in Lancaster, New Hampshire. Soon there- 
after he moved to Keene and became a constant and 
regular attendant at our meetings. He was active on 
the committee which organized the Northern Division 
of the Association, and later served as chairman of that 
division for two years. He served the Association as 
president for the period 1930-32. He has acted as 
gracious host for Association meetings at Keene on at 
least three occasions. By serving on committees, 
traveling long distances to meetings, and by taking 
part in the summer conferences and in other activities 
of the Association he has proved himself one of our 
most loyal members. 

Furthermore, he is the father of a chemist. He and 
Mrs. Damon recently celebrated their fiftieth anni- 
versary. To Mrs. Damon who has accompanied Mr. 
Damon to many of the Association meetings the 
committee recommends that the association extend 
greetings and congratulations. 

Sue C. HAMILTON 
G. Davis CHASE, JR. 
ELBERT C. WEAVER, Chairman 


The report of the nominating committee was ac- 
cepted and the slate of officers which they presented was 
unanimously elected. The only change from the pres- 
ent list was the election of W. S. Babcock, Kimball 
Union Academy, Meridon, New Hampshire, to the 
Chairmanship of the Northern Division, to fill the 
vacancy caused by the resignation of Benjamin R. 
Graves of South Portland, Maine. Dr. Avery A. 
Ashdown, M. I. T., was elected to serve on the Endow- 
ment Fund Committee to fill the vacancy caused by 
the retirement of Dr. Blanchard as treasurer. The 
membership of the Executive Committee for 1943-44 
is as follows: 


President: Theodore C. Sargent, High School, Swamp- 
scott, Massachusetts : 
Vice-President: Millard W. Bosworth, Vermont Acad- 
emy, Saxtons River, Vermont 
Immediate Past-President: Laurence S. Foster, Brown 
University, Providence, Rhode Island 
Secretary: Raymond E. Neal, Simmons 
Boston, Massachusetts 
Treasurer: Sue C. Hamilton, Garland School, Boston, 
Massachusetts 
Division Chairmen: 
Central Division, Eldin V. Lynn, Massachusetts 
College of Pharmacy, Boston, Massachusetts 
Southern Division, Dorothy W. Gifford, Lincoln 
School, Providence, Rhode Island 
Western Division, George B. Savage, Loomis School, 
Windsor, Connecticut 
Northern Division, W. S. Babcock, Kimball Union 
Academy, Meridon, New Hampshire 
Curator: G. Davis Chase, Jr., Senior High School, New 
Britain, Connecticut 
Auditor: S. Walter Hoyt, Mechanics Arts High 
School, Boston, Massachusetts 


College, 
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Chairman, Endowment Fund Committee: Elbert C. 
Weaver, Bulkeley High School, Hartford, Connecti- 
cut 
At the meeting of the Executive Committee, May 15, 

1943, it was decided that teachers who join the Asso- 

ciation at the time of the Summer Conference, paying a 

registration fee of $6.00, shall receive the privilege of 

members for the one-half year ending December 31, 


Program for the Fifth Summer Conference 


Phillips Academy, Andover, Massachusetts 





JOURNAL OF CHEMICAL EDUCATION 


1943; this implies that they will receive the JOURNAL 
OF CHEMICAL EpucaTION from July to December, 1943, 
and that they will be billed for 1943-44 dues, including 
a subscription to the JoURNAL for the year 1944, 
at the same time as other members. This arrange- 
ment makes the difference between the registration 
fees for members and nonmembers more equitable for 


all concerned. 





August 27-30, 1943 


(Continued from the May issue, Page 258) 


REGISTRATION Friday Afternoon, August 27, 4 P.m., Peabody 

House, Miller Street, Andover, Massachusetts 

First Session Friday Evening, August 27 

7:15 Motion Picture 

8:00 Welcome—Claude M. Fuess, Headmaster, Phillips 
Academy 

8:15 Ernst A. Hauser, Massachusetts Institute of Tech- 
nology, “Better teaching of fundmental chemistry” 

SECOND Session Saturday Morning, August 28 

9:00 Lawrence W. Bass, New England Industrial Research 
Foundation, Boston, Massachusetts, ‘Industrial 
research in wartime” 

10:00 Representative of the Army Specialized Training 
Program, ‘‘Chemistry and the A.S.T.P.” 

11:00 A. C. Titus, General Electric Company Research 
Laboratories, ‘‘What does industry look for in the 
new chemist ?”’ 

TuirD Session Saturday Afternoon, August 28 

2:00 C. R. Addinall, Library Services Bureau, Merck and 
Company, Rahway, New Jersey, ‘“‘The Vitamins, 
their industrial development and importance as 
strategic materials’ 

3:00 Bernard F. Proctor, Massachusetts Institute of 
Technology, ‘‘Dehydrated and compressed foods”’ 
4:00 Désiree S. LeBeau, Massachusetts Institute of Tech- 
nology, ‘‘Reclamation of strategic materials’’ 
FouRTH SESSION Saturday Evening, August 28 
7:15 Motion Picture 
8:15 L. F. Livingston, E. I. du Pont de Nemours, Wil- 
mington, Delaware, ‘‘Synthetics for the future”’ 
FIFTH SESSION Sunday Morning, August 29 
9:30 William T. Hall, Thayer Academy, South Braintree, 
‘‘What is wrong with our modern textbooks?” 
SrxtH Session Sunday Afternoon, August 29 
2:00 Philip G. Johnson, Cornell University, ‘“‘Evaluating 
results in science teaching”’ 


3:00 Round Table—Topic, ‘‘How to choose a general chem- 
istry textbook,’’ Leader, Hubert N. Alyea, Princeton 
University 
SEVENTH SESSION Sunday Evening, August 29 
5:00 New England Picnic Supper, Sanctuary Hill, Cochran 
Bird Sanctuary 
EIGHTH SESSION Monday Morning, August 30, Symposium 
9:00 Col. Adelno Gibson, C.W.S., O.C.D., Washington, 
D.C., ‘Chemical aspects of civilian defense’”’ 
Eugene W. Scott, O.C.D., Washington, D. C., “Gas 
defense organization in the U. S. Citizens’ Defense 
to Corps” 
Maj. Alberto Thompson, Jr., Region One Gas Officer, 
O.C.D., Boston, Massachusetts, ‘‘New England 
organization for gas defense”’ 
12:00 Exhibit of war gas identification kits 
NINTH SESSION Monday Afternoon, August 30 
2:00 Evan R. Collins, Harvard Graduate School of Edu- 
cation, “Some results of the impact of war on 
teaching”’ 
3:00 Field Exercise with Chemical Warfare Agents 
4:00 Exhibitors’ Hour 
TENTH SESSION Monday Evening, August 30 
7:15 Rev. Michael J. Ahearn, S.J., Weston College, 
“Recent developments in color photography” 
Illustrated 
8:15 Close of Conference 
Workshop—Throughout the Conference there will be a work- 
shop on lecture demonstrations and laboratory experiments for 
high-school teachers. It will be under the supervision of Charles 
H. Stone of Orlando, Florida, formerly a science department 
head in Boston Public Schools. 
Exhibits—It is hoped that exhibits of textbooks and labora- 
tory equipment will be provided by publishers and dealers. 
Notice to Nonmembers—For further information and _ pre- 
registration forms, write the Committee Secretary, Amasa F. 
Williston, 401 New Boston Road, Fall River, Massachusetts. 


LETTERS 


Plastic Sulfur 


To the Editor: 

The conventional way of making plastic sulfur is to 
boil some in a test tube and then pour the boiling 
contents around the walls of a glass funnel immersed 
in cold water. I found that it is more spectacular to 
plunge the hot test tube and its contents into cold 
water. The tube cracks in hundreds of places but 





doesn’t fall apart, because of the plastic sulfur in the 
cracked tube. Then, when the tube is cool, it becomes 
a simple yet impressive matter to stretch the test tube, 
thereby proving to the students the rubber-like prop- 


erty of plastic sulfur. 
Max EPSTEIN 


HAAREN HIGH SCHOOL 
MANHATTAN, NEW YORK 
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RECENT BOOKS 


INTRODUCTION TO SEMIMICRO QUALITATIVE CHEMICAL ANALYSIS. 
Louis J. Curtman, Professor of Chemistry, The City College, 
The College of the City of New York. The Macmillan Com- 
pany, New York, 1942. x + 377 pp. 39 figs. 14 x 22 cm. 
$2.75. 

Qualitative analysis on a semimicro basis is becoming increas- 
ingly popular in the analytical field. To produce the present text, 
a well-known author has devoted much personal research to the 
problem of modifying a macro scheme to provide a practical 
course on a semimicro scale. This has involved a reduction to as 
little as one-twenty-fifth in amounts employed, and the introduc- 
tion of specialized techniques. Particular emphasis is placed 
upon these techniques, which are carefully described and well 
illustrated by numerous diagrams and photographs showing 
operations and semimicro apparatus. The reagents employed 
are mostly inorganic, only a few of the commoner organic rea- 
gents being used. 

In addition to the systematic analysis, preliminary experi- 
ments are provided, and in Part II the important reactions oc- 
curring in the analysis are presented and discussed in the light 
of the theory taken up in an earlier section of the book. 

Part I of the text, comprising some 115 pages, is given over toa 
thorough discussion of theoretical principles, including the 
structure of compounds, theory of ionization, chemical equilib- 
rium, solubility product, complex ion formation and oxidation- 
reduction. Rather more formal elementary physical chemistry is 
introduced than some may wish, but as much of this is in finer 
print, it need cause little difficulty. Many numerical problems 
with answers are given to test the student’s undcrstanding of the 
principles presented. The answers to these problems invariably 
have proved to be correct. In addition, Part III is devoted to 
those calculations which are primarily of analytical interest. 
Both the valence-change and the ion-electron methods of writing 
and balancing redox equations are described. Tables of solubili- 
ties and solubility products, of the properties of inorganic com- 
pounds, and of logarithms are included in this book, which is well 
printed and attractively bound. 

This text offers a full, well-rounded treatment of the subject, 
and should be considered by all those seeking a text in semimicro 
qualitative analysis. 

W. W. RUSSELL 


BROWN UNIVERSITY 
PROVIDENCE RHODE ISLAND 


OrcaNnic CuHemistry. G. Albert Hill, Professor of Organic 
Chemistry, Wesleyan University, and Louise Kelley, Professor 
of Organic Chemistry, Goucher College. The Blakiston 
Company, Philadelphia, 1943. viii + 919 pp. 16 figs. 71 
tables. 15 X 23cm. $4.00. 

The authors of this textbook have succeeded admirably in 
carrying out their expressed aim to ‘‘develop a balanced presenta- 
tion of the theoretical aspects of organic chemistry, of the proper- 
ties, methods of preparation, and reactions of organic compounds, 
of the I. U. C. system of nomenclature and its relation to earlier 
systems, and of the physiological effects and the uses of organic 
substances.”’ 

The traditional sequence of presentation of the organic com- 
pounds ‘s closely adhered to: aliphatic compounds (about 500 
pages); aromatic compounds (210 pages)—followed by brief sec- 
tions devoted to alicyclic compounds, heterocyclics, and alkaloids. 
This is followed by a single chapter (27 pages) on ‘‘The steroid 
group; plant pigments; vitamins” and a final chapter (11 pages) 
on ‘‘Polymerization.’”’ There is also an exceptionally complete 
index (59 pages) with the more important references indicated in 
boldface type. Included in the text are seventy-one numbered 
tables of data in addition to several similar unnumbered tables 


interspersed among the numbered ones. These tables, which 
vary in length from only a few lines to as much as four pages, are 
well arranged and contain much useful summarized data as to 
nomenclature, properties, reactions, and methods of preparation. 
Helpful review questions, frequently of a problem nature, are 
given at the end of each chapter. 

The first chapter (19 pages) deals with the nature of matter, 
the types of linkages in molecules, the role played by electrons 
in these linkages, and the activation of molecules for reactions. 
This theoretical material is applied repeatedly throughout the 
book in explaining the behavior of different types of compounds 
and in explaining the mechanism of reactions. By the end of the 
year the student should have become quite familiar with such 
terms as “‘‘resonance,’”’ ‘‘resonance hybrid,” ‘‘the dative bond,”’ 
“electron density,” ‘‘electrometric shift,” and the other termi- 
nology of electronic structural organic chemistry. 

Considerable stress is placed upon the etymology of many terms 
which the organic chemist so frequently accepts without con- 
sidering their origin. In striking contrast, there are practically 
no biographical data of any of the numerous organic chemists 
mentioned by name. The only thumbnail sketch observed by the 
reviewer is that of Alfred Nobel (p. 270). No reading references 
to the original literature are supplied to guide the more thorough 
students, although there are occasional references to other texts 
and to a few journal articles, chiefly to substantiate or to indicate 
the source of specific statements in the text. 

Considerably more material than can be covered in the usual 
one-year course in organic chemistry has been included, but there 
is little to guide the beginning student as to what may be con- 
sidered important and what may not. There are relatively few 
cross references in the body of the text. A great deal of informa- 
tion as to specific details of laboratory and commercial methods 
of preparation and yields as well as a multitude of specific indus- 
trial uses are included. Much of this information could have been 
obtained only by close attention to the current technical litera- 
ture. There is no apparent indication that organic chemistry is 
playing an important part in World War II. Thus a long list 
of organic chemicals produced from petroleum (p. 94) includes 
neither butadiene nor toluene. 

The binding and typography are excellent. The book is very 
well put together and singularly free from errors, although the 
statement that ‘“‘coke has a high ratio of hydrogen to carbon” 
(p. 94) is an obvious error that was overlooked. 

This book should be of use not only as a textbook for the serious 
student in a formal course in organic chemistry, but should also 
be valuable as a reference book for the industrial or research 
chemist. 

L. A. GOLDBLATT 

NAVAL STORES RESEARCH DIvISION 


U. S. DEPARTMENT OF AGRICULTURE 
NEW ORLEANS, .LOUISIANA 


GENERAL INORGANIC CHEMISTRY. J/. Cannon Sneed, Professor 
of Chemistry, and J. Lewis Maynard, Assistant Professor of 
Chemistry, in the School of Chemistry, University of Minn- 
esota. First Edition. D. Van Nostrand and Company, 
Inc., New York, 1942. xviii + 1166 pp. 180 figs. 139 
tables. 15 X 22 cm. $4.50. 

‘This book is more extensive in its scope than most inorganic 
chemistries.’”” With this masterpiece of understatement the 
authors commence one of the most ambitious literary efforts 
in the history of American inorganic chemistry. Monumental 
is a word seldom applicable to a text for beginners in any subject, 
but this book will long be remembered as a milestone in chemical 
education. 

The choice of topics is standard, with the addition of chapters 
on ‘Types of Compounds,”’ ‘‘Thermochemistry,” ‘‘The Further 
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Chemistry of Carbon,” ‘Coordination Compounds,’ and 
“Alloys: Intermetallic and Related Compounds,” some, but 
not all of which are found in other well-known texts. The 
treatment is what might be called conventional-modern with no 
radical departures in the method of presentation, but “rather 
a conformity to the ideas of outstanding teachers of chemistry 
and to recommendations given in THIS JOURNAL. Throughout 
the book a ‘‘balance is struck between the historical, descriptive, 
theoretical, statistical, illustrative, and industrial parts of the 
texts.” The forty-seven chapters are arranged so that fourteen 
of them may be omitted without loss in continuity of treatment. 
Several of the chapters and some sections of other chapters have 
been written by colleagues of the authors. 

This book is not comparable with any standard text in ele- 
mentary chemistry. It contains most of the information in 
Latimer and Hildebrand’s ‘“‘Reference Book of Inorganic Chem- 
istry” plus a wealth of descriptive matter available between the 
covers of no other single volume. If it is slightly less scholarly 
than Schlesinger’s ‘‘General Chemistry” it is vastly more com- 
plete and definitely more teachable. The only texts in English 
with which this book may be compared are Partington’s ‘‘Text- 
book of Inorganic Chemistry’”’ and Mellor’s ‘‘Modern Inorganic 
Chemistry.’”’ The reviewer has no hesitation in saying that itisa 
better book than either of these. It is better in being more 
thorough, more accurate, and more modern. 

To say that the book is up to date is to understate the case. 
This is a text in which coordinate covalence is introduced on 
page 52, and the concept of resonance on page 327. It is a text 
in which the 3-electron bond (p. 77), ortho and para hydrogen 
(p.117), dipole moments (p. 143), the hydrogen bond (p. 329), 
activity coefficients (p. 354), synthetic resin ion-exchangers 
(p. 857), and the Hume-Rothery rule (pp. 1115-1116) all have 
their places. It is a text in which the electron microscope 
precedes the electron method of balancing oxidation-reduction 
equations. Itis tothe authors’ great credit that their work bears, 
in spite of its scope, evidence of their long experience in clear, 
orderly presentation before classes. The book bears the mark 
of the practical educator. 

That such a book should contain controversial questions 
of fact and of methods of presentation is only natural. Of these 
there are many, but of real errors there are exceedingly few. 
Occasionally, the authors lead themselves into a pitfall, as, for 
instance, on page 11 where it is stated, ‘‘But as far as ordinary 
chemical changes are concerned, elements may be considered as 
substances which cannot be resolved into simpler forms of matter.” 
What is this shadowy distinction between chemical changes 
which are ordinary and those which are extraordinary? Some- 
times there is a rather forced effort to humanize the great sci- 
entists. On page 43 Aston is described as ‘‘an excellent amateur 
performer on the cello.”” On page 60 there is given a curiously 
old-fashioned version of the Mendeléeff periodic table, and later 
on page 572 it is implied that the Mendeléeff table is no longer 
studied. But this reviewer, with all respect to some of his fellow 
associate editors of TH1s JOURNAL, knows at least four leading 
universities where the Mendeléeff type of table is not only es- 
teemed, but used in preference to all other types. 

On page 61 it is stated that atomic volumes are plotted against 
atomic weights in Figure 19. Actually, it is the atomic numbers 
which are used, and correctly so. Formulas and equations are 
discussed in Chapter 5, although they are used fairly freely in 
earlier chapters. Proof of Avogadro’s law (p. 199) is rather 
obscure, and is based on the fact that the kinetic energies of the 
molecules of gases are the same at the same temperature and 
pressure. But the proof of this proposition is not given until 
later 

On page 203 there is a reference to a text, “General Chem- 
istry,’ by Dening-Wiley (sic). This author’s name may have a 
familiar sound, but it is a little difficult to place him. There is 
a rather frequent use by Professors Sneed and Maynard of the 
word “‘heavy,”’ where “‘dense”’ is meant. The reference to a base 
whose formula contains more than one hydroxide radical as 
polyprotic (p. 333) is an item of nomenclature which it is to be 
hoped will not become general. 
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Some of the chapters which were written by the authors’ 
colleagues are rather difficult; this is particularly true of some of 
those on ionization. Chapter 34 on coordination compounds 
forms an excellent introduction to that topic, but it too is rather 
difficult for beginners. On the other hand, chapters such as 
36 on radioactivity and the section on iron by Prof. Edward W. 
Davis are astonishingly interesting and complete. Chapter 32 
on colloids is a little sketchy, and 38 on electrochemistry is 
somewhat overcondensed. Throughout the whole book the 
sections on major industrial processes are particularly thorough. 
There are thirty-five pages on organic chemistry, ranging from 
simple hydrocarbons through phytol and progesterone to the 
polysaccharides. The wisdom of including this chapter may be 
questioned. 

Typographical errors are very rare. On page 1078 Cn is given, 
where CN is meant. At several points, including the author 
index, Ephraim is misspelled. On page 954 most authors would 
have included lanthanum as a member of the rare earth group. 
But the reviewer is compelled to admit that the only serious error 
he can find in the whole book is the statement on page 955 that 
samarium salts are pink when they are, of course, yellow. 

Questions and problems of considerable variety are given at the 
end of each chapter. Answers are given for many of the prob- 
lems. Some of the problems are somewhat more advanced 
than those commonly found in books for beginners. The follow- 
ing are a few examples: 


P. 699, No. 5. Do the chemical properties of phytol and 
vitamin A show any similarities? If so, why? 

P. 833, No. 7. How are cis and trans isomers differentiated 
by the use of a bifunctional chelating group? 

P. 979, No. 12. Why are the compounds CCh, SFe, and 
OsFs not readily hydrolyzed? 

P. 1092, No. 21. On the basis of the oxidation-reduction po- 
tentials for the equilibria Cot* — le = Cot*t and 
[Co(CN)s]?— le = [Co(CN);]* show why Co with an 
oxidation number of +3 is more stable in the complex 
than in the simple cation. 


At Northwestern we generally leave such questions for our 
sophomores and juniors. Perhaps the Minnesota freshmen 
are made of sterner stuff, their football teams often are. 

The book is well printed and well bound. The price is moder- 
ate. Authors and publishers alike are to be congratulated. 
Whether the gentle reader will wish to use such a weighty (1.640 
kilograms) opus for his own classes is, of course, for him to 
decide. 

P. W. SELwWoop 


NORTHWESTERN UNIVERSITY 
EVANSTON, ILLINOIS 


THE STuDY OF THE PuysicaL Worxip. Nicholas D. Cheronis, 
James B. Parsons, Conrad E. Ronneberg, Chicago City Col- 
leges. Houghton Mifflin Company, New York, 1942. vi + 
884 pp. 467figs. 15 24cm. $3.85. 

There are certain things about ‘‘The Study of the Physical 
World” which make it an outstanding book of its type. It takes 
up its chosen subject with logical thoroughness and considerable 
enthusiasm. The authors set for themselves the goal of an 
integrated volume in which the scientific method is emphasized, 
in which a number of important principles are developed, in 
which numerous applications are made to the more common 
affairs of everyday life—and they have succeeded surprisingly 
well. They have hewn to their line, letting the subjects of 
astronomy, geology, chemistry, and physics fall where they may. 
If they have shown any weakness, it is the weakness common to 
authors who love their subject too, well; if the book errs, it is in 
the direction of too much, not too little. There is too much 
material for the average freshman to get and hold. For the ex- 
pert teacher this is no handicap—he will bridge, emphasize, con- 
dense, and extend to fit his case. The saving grace is the careful 
integration of the wealth of material with the development of 
great general principles. 

It is refreshing to see a survey book which actually introduces, 
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presents—and uses—mathematics unashamedly and without 
a ‘“‘by your leave’ apology to the student. Many excellent line 
drawings enliven the text and simplify the explanations. Study 
exercises are taken rather seriously and can actually be used as a 
part of the course. 

Very few typographical mistakes were noted and these were 
of minor nature. In Figure 234, page 367, 0°F. shown on the 
Kelvin scale should be 0°K.; on page 448 the electronic fromula 
for nitrogen is incorrect. One might be inclined to regard certain 
explanations as somewhat inconsistent. For example, on page 
422 the equation Mg + 0—MgO is given immediately following 
the statement that ‘‘elements such as oxygen... have two atoms 
in each molecule and therefore their molecular symbols are writ- 
ten Oo,....’’ Then follows the equation C +O,— CO:. One 
might also be inclined to criticize the literal interpretation of the 
ionization of HCl shown in Figure 305. 

Having thus done one’s duty by finding a few unimportant 
mistakes and by disagreeing with one or more statements, one 
can return to the major thesis that this is an excellent book, a 
book which deserves a far better fate than most survey books 
are likely to suffer during these war years of intensive, con- 
centrated training in a very few things. 

SIDNEY J. FRENCH 


COLGATE UNIVERSITY 
HAMILTON, NEw YorK 


ELBMENTARY PuysicaL CuHemistry. Hugh S. Taylor, David 
B. Jones Professor of Physical Chemistry, Princeton Univer- 
sity, and H. Austin Taylor, Professor of Physical Chemistry, 
New York University. Third Edition. D. Van Nostrand Co., 
Inc., New York, 1942. xi + 551 pp: 127 figs. and 111 
tables. 14 X 22 cm. $3.75. 

The third edition of this well-known text has an arrangement 
of subjects very similar to the second edition, save that the 
discussion of kinetics has been moved to the latter part of the 
book. The content has been changed markedly. Although 
there are fewer pages, there is much more material due to the use 
of smaller type, spacings, and margins. The authors have 
endeavored to incorporate as much as possible of the modern 
methods of approach to chemical problems. This has neces- 
sitated abbreviating or even omitting some important matters. 
Thus the discussion of nuclear chemistry has been considerably 
expanded, and a lengthy discussion of the statistical basis of 
the second law, including partition functions, has been added. 
To offset this, the discussion of ionic equilibria had to be markedly 
abbreviated, especially as relating to indicators and hydrolysis. 
The discussion of phase equilibria has likewise been shortened, 
but it still is excellent. Other sections worthy of especial 
commendation are the atomic concept of matter and energy, 
the heat capacity of gases, films and monolayers, liquids, 
and the very fine discussion of kinetics. The authors have also 
included a brief discussion of the structure of fibers. However 
the following important topics have been ignored: refractivity, 
optical activity, and absorption spectra as clues to molecular 
structure, and the use of various electrodes to measure hydrion 
activity. 

Indexing and subdivision of topics are very good. There 
are sufficient literature references and a selection of problems at 
the end of each chapter. However, no answers are furnished. 
Three appendices—derivations of Maxwell’s distribution equa- 
tion, of Planck’s equation for the energy of a linear vibrator, 
and the Debye-Hiickel limiting law—enhance the value of this 
book. 

The use of the term ‘‘Elementary”’ in the title is debatable. 
The book is entirely suitable for senior or first-year graduate 
courses. To use it the student should have not only the usual 
background in chemistry but also a reasonable preparation in 
physics and mathematics. With the advisability of such 
prerequisites for physical chemistry the reviewer is in complete 
agreement. Whether the treatment approximates the ideal 
course in physical chemistry is a matter of individual opinion. 
The reviewer himself feels that certain advanced subjects have 
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been overemphasized at the expense of some equally important 
and possibly more fundamental subjects. However this un- 
balance, if it really exists, is far less than in earlier editions. 

In conclusion, this book merits the careful scrutiny of every 
teacher of the subject. It is well written, stimulating, packed 
full of good things, and quite suited to practically any thorough- 
going course in physical chemistry. 

MALcotm M. HarINnG 


UNIVERSITY OF MARYLAND 
CoLLeGE PARK, MARYLAND 


ORGANIC CHEMISTRY, AN ADVANCED TREATISE. Editorial 
Board, Henry Gilman, Editor-in-Chief, Roger Adams, Homer 
Adkins, Hans T. Clarke, Carl S. Marvel, and Frank C. Whit- 
more; and 25 Contributors other than the Members of the 
Board. Volumes I and II. Second Edition. John Wiley & 
Sons, Inc., New York, 1943. ix + 1077 + lxvii pp. in Vol. I, 
and ix + 1079 to 1983 + Ixvii pp. in Vol. II. 15 X 23 cm. 
$7.50 per vol. 

“This second edition, which represents a significant expansion 
of the first, contains twenty-six chapters, of which the following 
eight are new: the reactions of aliphatic hydrocarbons; synthetic 
polymers; catalytic hydrogenation and hydrogenolysis; organic 
sulfur compounds; aliphatic fluorides; the chemistry of the 
porphyrins; chlorophyll; and the redistribution reaction. All 
the chapters carried over from the first edition have been re- 
vised. In some chapters the literature has been reviewed up 
to September, 1942.” 

The new chapters, like the earlier ones, are well written by 
experienced authors, and they add much to the value of this 
important treatise. The new chapters consist of about 400 pages, 
and this number adds about one-fourth to the former size. 

The subjects are carefully chosen, the material is well pre- 
sented, and altogether the work is modern aid authoritative. 
With a background of elementary organic chemistry, a student 
of these volumes can gain an excellent knowledge of modern 
organic chemistry. 

As in the first edition, the work is very well indexed, and the 
complete index is handily printed in each volume. References 
to the literature are abundant and are found on practically every 
page. Also, helpful cross references are numerous throughout 
the text. In addition, a section of ‘‘General References,’’ which 
is given at the end of each chapter, includes mention of some of 
the more important review articles and books as a guide to 
collateral reading. 

The chapters contain a great many structural formulas which 
help so much to give a full and proper understanding of organic 
chemistry. The typography and binding are excellent. The 
reviewer in his reading found not a single typographical error. 

Harry L. FISHER 


U. S. INDUSTRIAL CHEMICALS, INC. 
STAMFORD, CONNECTICUT 


Samuel Glasstone, Pro- 
D. Van Nos- 
135 


INTRODUCTION TO ELECTROCHEMISTRY. 
fessor of Chemistry, University of Oklahoma. 
trand Company, Inc., New York, 1942. vii + 557 pp. 
figs. 15 X 23cm. $5.00. 

This book presents the fundamentals of electrochemistry 
from the standpoint of modern concepts of activity, interionic 
attraction, proton transfer of acids and bases, and the reaction 
rate nature of electrode phenomena. Unlike the author’s 
earlier and more comprehensive treatise, ‘“The Electrochemistry 
of Solutions,” the present book should serve as a relatively 
elementary text rather than as a reference work. 

The book includes an elementary presentation of electrolytic 
conductance, transference, electrochemical thermodynamics, 
electrode processes, and electrokinetic phenomena. At the end 
of each chapter problems are included which illustrate the ma- 
terial discussed. These are frequently based on data from the 
recent scientific literature. Although the author avoids any 
historic approach to the subject and includes no detailed refer- 
ences to the scientific literature, a sufficient number of references 
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to original papers and review articles are given to acquaint the 
curious student with contemporary electrochemical researches. 

Dr. Glasstone has succeeded in preparing a clearly written 
book which will be welcomed by those desiring a simple intro- 
duction to electrochemistry based largely on the results of recent 
research in the field. The book contains a good subject index 
and is well illustrated with figures. 

THEODORE SHBDLOVSKY 


THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 
New York, NEw YORK 


CELLULOSE CHEMISTRY. Mark Plunguian, Chemist, Homasote 
Company, Trenton, New Jersey. Chemical Publishing Com- 
pany, Brooklyn, New York, 1948. vii+97pp. 13 figs. $2.25. 
A small book of about a hundred pages, designed to serve as 

an introduction to the chemistry of cellulose. It is a con- 
centrated outline, including subjects such as occurrences of 
cellulose in nature, its principal properties, reactions, and ap- 
plications. The book gives one a comprehensive view of cellulose 
in chemistry and the industries in a brief, readable, well-chosen 
selection of the more important phases of the subject. 

It consists of nine chapters, one of which deals with the oc- 
currence of cellulose and associated substances in plant cell 
walls; another with the microscopic structure of the walls; 
and the remaining chapters with what may be considered as the 
chemistry of cellulose,—purification, properties, derivatives, 
constitution, and micellar structure. 

Isolation and purification processes are discussed, and a few 
of the well-known processes of dispersion and the formation of 
derivatives and modifications, such as cellulose nitrate, acetate, 
and ethyl cellulose, are discussed briefly. Properties and com- 
mercial uses of these are mentioned. 

Chemical constitution takes up a few pages, and physical 
structure is treated in the last chapter. Here the chain structure 
of the molecule and the aggregation of chains into structure of a 
micellar nature are treated briefly. 

While brevity is the keynote of the treatment, the items in- 
cluded have been rather happily chosen to give the reader a 
comprehensive over-all view of the cellulose situation as of the 
present time. It is for the most part sufficiently critical in the 
context for its purpose—that of giving the reader an introduction 
to the subject. In its bibliography the author has selected a 
rather small, but fairly representative list of investigators in 
cellulose studies. The book gives one a rather complete picture 
of cellulose at little more than a single reading, and thus furnishes 
a useful outline to the busy reader as well as to the chemist, 
the biochemist, and the biologist. 





O. L. SPONSLER 


UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


THE SCATTERING OF LIGHT AND THE RAMAN ErFectT. 5S. Bhag- 
avantam, Ramchandra Deo Professor of Physics, Andhra 
University, Waltair. Chemical Publishing Company, Inc., 
Brooklyn, New York, 1942 (first American Edition). 333 pp. 
41 figs. 66tables. 15 X 22cm. $4.75. 

This book gives a comprehensive treatment of the problem of 
the scattering of light by matter. Much of the material, par- 
ticularly the detailed theory, has been found previously only in 
journals, and the author has performed a real service in bringing 
it together. The exposition throughout is very clear, and the 
comparisons of experiments with theory are numerous. 

After a qualitative discussion of a few examples of light- 
scattering in nature, the fundamental laws and theories of this 
subject are presented with adequate mathematical detail The 


polarization and intensity of light scattered by anisotropic 
molecules, light-scattering in liquids and solids, optical aniso- 
tropy in relation to molecular structure, and birefringence are 
among the topics covered in the first part of the book. 

In the latter half of the book, scattering with a change of wave 
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length, or Raman scattering, is considered. First a qualitative 
description of the phenomenon is given. This is followed by a 
simple (though inadequate) theory of the effect. Then a com- 
plete theory of the intensities and depolarization factors of 
Raman lines is presented, and detailed comparisons with ex- 
periment are made in numerous tables. 

Applications of the Raman effect to molecular structure is 
considered in some detail, and applications to chemical problems 
are briefly discussed in relation to selected examples. A chapter 
on experimental technique is included. These applications have 
been given a more detailed treatment in other texts, and the 
author has wisely avoided duplication. 

This book should prove a valuable reference source to the 
graduate student of physics or chemistry, and to the research 
worker interested in molecular structure. 

A. B.F. DUNCAN 


UNIVERSITY OF ROCHESTER 
ROCHESTER, NEW YORK 


ESSENTIALS OF COLLEGE CHEMISTRY. Norman Kharasch, 
Instructor of Chemistry, and Helen S. Mackenzie, Assistant 
Professor of Chemistry, The Illinois Institute of Technology, 
Chicago, Illinois. D. Van Nostrand Company, Inc., New 
York, 1942. 513 pp. 99 figs. 15 KX 23cm. $3.50. 

There is certainly something good to be said for a book which 
frankly tells the student that ‘‘the contents of this book are 
presented with as little adornment as possible; for if the study is 
to be of real value to you, you must see chemistry as it is, and 
speak its own language. Highly colored descriptions of facts 
are avoided, for these can lend only to a superficial understanding 
which is not our purpose.” 

Thereupon, and from the first page, the authors stick to this 
principle. They present chemistry as simply and as clearly 
as the limits of the subject permit. Presumably, the book is 
designed for real beginners, not for those who have had a previous 
course. At any rate, beginners should have little trouble in 
seeing their way through the intricacies of chemistry as the 
authors present the subject. 

In the second chapter the important concept of significant 
figures is presented in a very simple manner. Chemical arith- 
metic, is held, throughout, at its simplest level and is certainly 
not overdone. Thereare plenty of up-to-date references through- 
out and the questions are well selected to bring out important 
points and test the student’s application of principles. 

The order of topics is more or less conventional, roughly 
the first half of the book being devoted to the development of 
general principles and the second half to the chemistry of the 
non-metals, the metals, and organic chemistry. 

One of the most satisfying things about the book is that it is not 
a ponderous tome. The type is conveniently large, the pages 
are not crowded, nor are they crammed with additional in- 
formation in small type so common to many modern textbooks. 
The appendix includes an outline of the history of chemistry as 
well as chemical data usually found in such places. The last 
chapter, on the ceramic industries, contributed by Mr. Axel C. 
Ottoson of the University of Illinois, takes up some interesting de- 
tails not normally appearing in a chemistry text. 

One might be inclined to criticize the failure of the authors to 
make more use of the Brénsted concept of bases, especially when a 
student is studying chemistry for the first time and has nothing to 
unlearn. Likewise, one might wish that the newer usages in 
balancing oxidation-reduction equations had been given some 
space. 

But the fact is that these things are still largely in the realm of 
personal taste and are not ‘“‘musts.’’ The important thing is 
that the book amply fulfills its chosen mission to present chem- 
istry simply and with as little adornment as possible. For 
teachers desiring a book of such nature, it can be recommended 
without hesitation. 

SIDNEY J. FRENCH 


COLGATE UNIVERSITY 
HAMILTON, NEw YORK 
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Editors 


NE OF THE objectives of science education is to 

prevent the gullibility which leads one to accept 

the ‘marvels of modern science” at their face value and 

makes one a prey to all the vendors of nostrums and 

panaceas, from lightning-rod salesmen to the advocates 
of the various “‘progressive’’ movements. 

We came across an interesting case in point recently, 
in a column of one of the popular magazines, which at- 
tempted to describe our “life tomorrow,” and could not 
help but be impressed by the juxtaposition of the follow- 
ing two items: 


“Speed and thoroughness through dramatic interest will key- 
note your children’s schooling tomorrow. The rigid discipline 
of today’s classroom is to be forgotten, and with it the dawdling 
and lack of attention that waste so much time and create so 
many misfits. The static quality of lessons learned by rote will 
yield to dynamic and exciting explorations into the workings of 
the new world. 

‘Movies are to be used everywhere, presenting every kind of 
subject in absorbing story form, teaching by graphic demonstra- 
tion and direct visual observation. 

“Learn by doing’ will be the theme song of education. Shop 
and laboratory, workbench, and field and factory will provide 
the new classrooms. Recitations and lectures will fade away; 
textbooks are to become vividly written guidebooks to personal 
experiment rather than tedious dictionaries of fact.” 


“‘Neatest trick of the future will be ‘reverse-cycle refrigeration,’ 
by which cold air pumped in from outdoors will actually heat 
your house without the aid of coal or oil. A small cabinet 
located on the window sill of each room will draw in winter air, 
extract heat from it, and deliver it indoors. 

“This may seem like lifting yourself by your bootstraps but 
it is not. Refrigeration is nothing more than the process of 
pumping heat from the interior of the icebox to a coil of pipe 
outside at the back, from which it is dissipated into the room. 
The ‘pump’ is a liquid which takes up heat upon evaporation 
and gives it up again on being compressed. In the reverse-cycle 
process the same principle will be used, except that the outdoors 
itself will replace the icebox. There are plenty of heat units in 
winter air, but they are thinly spread and must be concentrated 
for use. The new device will do this by electrically refrigerating 
outdoor air, making it colder still, then delivering the captured 
heat to a radiator indoors.” 


Curiously, a similar line of reasoning must be followed 
in evaluating each of these. 

It requires only a passing acquaintance with thermo- 
dynamics to appreciate that the well-known Second 
Law comes into the picture in the second case quoted 
above. You can’t transport heat from low potential to 
high without doing work somewhere on the system. 
The electric motor which compresses the refrigerating 
liquid is going to do the work, but the question is 
whether it is more economical to buy heat units to run 
a steam engine to turn the dynamo to furnish the elec- 
tricity to run the motor to compress the liquid to furnish 
the heat to warm the parlor, or, on the other hand, to 
dump the purchased heat units right into the parlor 
in the first place. While there might possibly be condi- 
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tions under which the roundabout process would be the 
more economical, nevertheless their establishment re- 
quires more detailed operating specifications than are 
given here. 

And this leads us to the first item, concerning which 
we must reach the same conclusion. 

Many of our physical “laws,’’ like the First and 
Second Laws of Thermodynamics, Ohm’s Law, and Le 
Chatelier’s Principle, are generalizations based upon 
pretty fundamental realities. The Second Law, for 
example, is merely a refined statement of the fact that 
you can’t get results without effort—and its derivative, 
Entropy, “lost opportunity to do work.” 

But to get down to cases. We should freely grant 
that our educational machinery is full of friction, 
squeaky wheels, frozen joints, and broken cogs. It 
needs a lot of oiling and not a little rebuilding along 
new lines of design. But let us not forget that every 
properly constructed machine must work against a re- 
sistance, else all the energy input goes into useless heat. 
A dynamo will burn out its coils if it is short circuited 
without a proper resistance in the line. 

The human mind isn’t exactly a dynamo, to be sure, 
but the principle is fundamental. One’s impulse is to 
feel receptive to an idea labeled ‘‘progressive,’’ but 
words are after all mere words. If progressive education 
means allowing the wheels to spin without any governor 
whatever—well, we know what centrifugal force can do. 

We are all for “learning by doing’’—it is the essence 
of the laboratory method; we are all for the shop and 
laboratory, the workbench, the field, and the factory. 
We know that lectures can be ineffectual and that text- 
books are often uninspiring. In fact, we know that the 
acquisition of knowledge is a tough process, as is the 
attainment of any goal worth reaching. And what’s 
more, we think that in the nature of things if will al- 
ways be so. We don’t believe that life sells its greatest 
treasures cheaply. If knowledge aan, in the future, be 
had for the asking, by watching a screen, by ingestion 
of a new vitamin, or inoculation with a super-vaccine, 
then let us melt down our golden keys and turn to pur- 
suits which require more heroic effort. 

To be sure, much of what is now tedious and hazy 
can be made more understandable to a larger multitude. 
That is the missionary work of education and we should 
not relax our efforts to that end. But what we need for 
coming generations is not a hope that wisdom will be 
easy to reach, but the building of mental and moral 
fiber which will enable them to tackle problems of mind 
and nature which become increasingly difficult as 
knowledge increases. 

We do not build strong muscles by tossing feathers 
around; no more shall we build strong minds without 

exercising them against resistance. By all means make 
our educational procedures more effective, but not in 
the interest of merely making them easier. 


IEMISIRY Hath Abin 
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66 LL THAT I am and all that I hope to be, I owe to my choice 

of vitagens,’”’ may shortly become a technically correct ap- 
praisal of man’s existence on this planet. For we now know that 
in addition to governing our growth and safeguarding our lives 
against the ravages of nutritional disease, these elements are also 
related in some definite way to our progress in time toward new 
life forms. 

Vitagens are the vitamins, the hormones, the minerals, the 
amino acids, the fatty acids—all those physiological and dietary 
factors whose presence in our diet and internal secretions the nu- 
tritionists and endocrinologists have been telling the world about 
these past few years. 

Convincing evidence has been brought forth that the hormones 
are in a large degree responsible for the development of new spe- 
cies. Plant and animal mutations are being carried out success- 
fully in the biological genetics laboratories. In the plant world, 
these agents are being used to induce the development of “‘sports,’’ 
the new forms which are the basis of selection and crossbreeding 
in modern horticulture. 

Drs. C. C. Gordon and J. H. Sang of Aberdeen University re- 
cently showed that overdoses of the B complex vitamin niacin 
cause fruit flies born without feelers and antennae to produce 
normal progeny during their own lifetimes, though these progeny 
in turn bring forth the original defective strain. No clearer proof 
is to be had that diet and evolution are closely related. 

Popular writers have gone overboard on the contributions 
made by the vitamins to the quest of Science for a kind of Super- 
man, the comic strip delight of children and adults. But what if 
we were soon to hold in our hands the keys which would enable 
these scientists to produce in a few generations a real superman— 
a superior thinking and working animal resistant alike to the 
blights of disease and recurrent wars? It is just possible that one 
last discovery in the nutrition field will just tip the scales of em- 
bryonic and evolutionary life enough to make this dream come 
true. In fact, it is quite likely that if we were able to properly 
evaluate and coordinate the sum total of man’s present knowl- 
edge on the subject, a human life form could be produced which 
would be vastly superior to our present vestments of mind and 
flesh. 

Take the recent work on biotin as crowning example of what 
the future holds for us in this connection. It was only last 
October that a group of biochemists headed by Dr. Vincent du 
Vigneaud succeeded in picturing the complex molecular struc- 
ture of this vitamin. Here was an achievement far transcending 
in importance the architecting of the more-impressive-appearing 
Boulder Dam. From this elaborate chemical blueprint the chem- 
ists of Merck & Company have now built this elusive substance 


synthetically. In its ultimate importance to the life and well- 
being of man this may well rank as one of the greatest scientific 
accomplishments of our time. 

Biotin has long been locked up in impure form and variable 


‘ amount in the vast treasure house of the vitamin B complex. Its 


isolation from natural materials was tedious and difficult, the 
amounts so obtained in the laboratory seemed trifling and pro- 
hibitive in cost for all but the most important technical research. 
With the synthesis of biotin in pure form, costs are coming down 
and general work with it has become possible. For while it is 
true that a very minute amount of this potent material is enough 
for the average experimenter, its cost even so has been many 
times greater than that of radium. 

No living thing—whether microbe, mouse, or man—can exist 
without biotin. It is indispensable to all growth, good and bad, 
and the key to cell proliferation appears to lie in our ability to 
give it at one point while withholding it at another. Nowhere is 
this more important than in the control of cancer—next to war, 
man’s greatest scourge. Without biotin, tumors will not grow. 
When we learn how to deprive living cancer tissue of the excess 
biotin needed for its inordinate growth while at the same time 
providing sufficient to the body for its normal needs, we shall have 
conquered this cruelest murderer of mankind. 

The world has come a long way from the days of Liebig and 
Pasteur who 60 years ago were wrangling over the conditions 
needed for growth. One claimed that an organic substance of 
some kind was essential; the other took the contrary position. 
E. Wildiers of Louvain settled the controversy once and for all 
by proving that Liebig was right, that a mysterious “‘bios’”’ was 
present as a governing agency of growth in all living tissue. 
And Dr. Fritz Kégel supplied a more concrete answer in the isola- 
tion of tiny crystals so small that one part in four hundred billion 
stimulated the growth of yeast. He gave the name to this sub- 
stance: biotin. It turned out to be one of the B complex “‘un- 
knowns.” 

Thus the recent elucidation of the molecular structure of biotin 
and its successful laboratory synthesis by Merck are the culmi- 
nation of six decades of continuous search for the catalyst of the 
life processes. It is still too soon to evaluate its place in commer- 
cial dietetics, since it is at once life’s boon and curse. But at 
least we have found it. It can be manufactured at will for the ex- 
perimenter to work with cautiously by the accepted methods of 
check and double-check. 

Its controlled employment in the diet of plant, animal, and 
man may become the dominant factor in the preservation of 
health, the prolonging of life, the increasing of our productive 
capacity, and the shaping of our evolutionary destiny. 
—Reprinted from Food Materials and Equipment, May 29, 1943 


One of the leading factors in the industrial utility of brass is its unusually high duc- 
tility. This quality is determined by the type of crystalline structure. The so-called 
alpha brasses, those containing more than about 63 per cent copper, owe their excep- 
tional ductility to the ability of the crystals to flow or stretch under load to a remarkable 


degree. 


A new gluing process which makes it possible to transform surplus lumber into 


marketable stock at low cost is known as “spot welding.” 


Boards are joined together 


edge to edge by setting glue only in spots along the joint, with high frequency radio 


waves used to set the spots.—Laucks 
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Franklin Bache, Chemist, 1792-1864. 





EDGAR FAHS SMITH 


HERE should always be mentioned in the group 

of “Fathers of Chemistry” in Old Philadelphia, 
Franklin Bache, great-grandson of the immortal Ben- 
jamin Franklin. His friend George B. Wood said of 
him— 
It may seem strange that one so addicted to science and es- 
pecially to chemistry, as Bache, should not only not have made 
any remarkable contribution, but should not even have exerted 
himself in the line of experimental research.... The discoverer 
must have an imagination that shall carry him beyond the pres- 
ent and suggest new ideas and new trains of thought.... A 
combination of imagination, reason, and judgment is estimated 
to make a discoverer.... Of the imaginative faculty and the 
disposition to its exercise, Dr. Bache had little. 


Nevertheless, Bache, in 1811, published in the 
Aurora a contribution on the probable composition 
of hydrochloric acid. He had accepted Davy’s view 
that chlorine was simple and in its union with hydrogen 
gave muriatic acid; and while yet a student con- 
tributed three excellent papers to the Memoirs of the 
Columbian Chemical Society. They were printed in 
1813. Their titles were— 

1. An Inquiry into what circumstances will warrant us justly to 
reckon a substance a principle of a common property of any 
set of bodies. 

2. An Inquiry whether M. Berthollet was warranted, from 
certain experiments, in framing the Law of Chemical Af- 
finity, ‘that it is directly proportional to the quantity of 
matter.” 

3. Thoughts on the Expediency of changing parts of the chemi- 
cal nomenclature. 

They were timely. The author’s views were clearly 

and convincingly presented. They are of value in 

tracing the steps in the progress and development of 
chemical theory in America. Of them Dr. Wood 
remarked— 

Of their special subjects I can say nothing, as I owe my knowledge 

of the fact solely to the private memoranda left behind by him, 

having never seen the book referred to (Memoirs). 


But now, young Bache was off to war. A lineal 
descendant of the patriot Franklin could not have done 
otherwise. So his chemical studies were interrupted 
and not resumed until the fall of 1819 when there ap- 
peared his ‘System of Chemistry for the Use of Stu- 
dents of Medicine.’’ It was an octavo volume of 600 
pages, having Thomson’s “Chemistry” for its basis. 
Method, precision, accuracy, and simplicity were its 
prominent features. It was an excellent epitome of 
the science of its day. Its claims to originality were 
amply justified. 

Bache’s pen was now not idle. With Robert Hare 
he was a favorite and with him, in 1821, edited the first 
American edition of Ure’s ‘‘Dictionary of Chemistry’’; 
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in 1828 prepared a supplementary volume to Henry’s 
admirable chemistry, and in 1825 edited anonymously 
James Cutbush’s “‘System of Pyrotechny,” which will 
be news, indeed, to students of this science, but the fact 
is that Cutbush died just after completing the manu- 
script of this remarkable book. He was then Professor 
at West Point. Had it not been for the unselfish spirit 
of Bache, probably this very worthy production would 
not have found its way to the scientific public, and 
America would have lost one of its unique chemical clas- 
sics which, even in modern times, has been a real aid 
to students of explosives. Not every editor would 
have been so self-effacing as was Bache in this instance. 
Yet he doubtless found joy and reward in the prepara- 
tion of a sane and worth-while article, ‘‘On purifying 
and disinfecting agents,’ published in the Philadelphia 
Journal of Health, and in sending out the third edition 
of Turner’s ‘‘Chemistry’’—an exceedingly popular 
elementary treatise. There were four American edi- 
tions printed under Bache’s supervision. And all this 
while the subject of this sketch was engaged in the 
practice of medicine. 

In 1818 Bache had married Aglae, daughter of Jean 
Dabadie, a French resident of Philadelphia. It was a 
most congenial, happy marriage. The wife entered 
heartily and intelligently into her husband’s literary 
and scientific pursuits, ‘‘bearing with him the difficulties 
of his earlier career,’ and just when his pecuniary 
affairs were beginning to be no longer a source of anxi- 
ety, death took her (1835), leaving him ‘“‘as her best 
legacy, a young family of sons and daughters to give 
exercise to his affections, and comfort to his declining 
years.” 

It was between 1829 and 1832 that Bache engaged 
in the revision of the “‘United States Pharmacopoeia,”’ 
became Professor of Chemistry in the Philadelphia 
College of Pharmacy, and had begun his work on the 
“U.S. Dispensatory.’’ He was also a constant attend- 
ant on the meetings of the American Philosophical 
Society, membership in which had been given to him 
in 1821. It was frequently said ‘‘there was no other 
member of the Society who was present at nearly so 
many meetings as he.’ Only once in the first five 
years of his membership did he depart from his rule of 
silence, and then to present a paper of Henry Seybert 
on the analysis of a fluosilicate from New Jersey. 
Bache’s services to this Society were most important 
and deeply appreciated. He was one of its secretaries 
for 18 years, was its vice-president for 10 years or more, 
becoming finally its president. His ‘“U. S. Dispen- 
satory”’ passed through 11 editions during his life and 
very likely it was his excellent work on this exhaustive 
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publication which paved the way to his appointment as 
Professor of Chemistry in the Jefferson Medical Col- 
lege in 1841. After this appointment “his life . . .flowed 
onward copiously, richly, and smoothly to its end.” 
On his assumption of this chair he wrote an intro- 
ductory lecture to the “‘Course in Chemistry” in which 
oceur these lines: 

but here, gentlemen, let me stop to inquire, is chemistry in its ap- 
plications to medicine and pharmacy, worthy of your regard? 
This is an important preliminary question; for if you follow the 
ensuing course under the erroneous impression that you can be 
reputable physicians without being chemists your attention will 
IPP eee 

i i trust I have made out a case and convinced you of the inti- 
mate connection between the two sciences; a connection which 
cannot be disregarded even by the routine practitioner, much less 
by the scientific physician. 

Bache would rejoice in today’s view of their con- 
nection! 

His friend Wood has left on record that Bache had 
little of the imaginative faculty but that he possessed 
an excellent reason and judgment; always clear in 
thought and correct in conclusion, remarkably sound 
in his opinions, and seldom wrong in his judgments 
either as to the character or probable actions of men. 
“In mental action, as in his bodily movements, he 
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was remarkably slow and deliberate.’”’ He was a 
delightful companion as he had the sense and faculty 
of humor. He was a natural lover of the truth. He 
was highly esteemed and beloved. His writings and 
public teachings were marked by simplicity, clearness, 
truthfulness, accuracy, and correct reasoning. His 
style was easy and remarkably correct, even to punctua- 
tion, and his language pure idiomatic English. ‘His 
published writings are entirely exempt from any ap- 
pearance of effort or attempt at display. The purely 
ornamental is eschewed entirely. Figures of speech, 
flights of fancy, and flowers of rhetoric are unknown to 
them.”’ 

Such, in brief, is the life story of an early American 
chemist. If in research he lacked, yet in his scholarly 
efforts in the literature of chemistry he is worthy of 
imitation and an exemplar who might with propriety 
be followed in this day. 

He received his A.B. degree from the University of 
Pennsylvania in 1810 and M.D. from the Medical 
Department of the same institution in 1814. 

He died on March 20, 1864, in his seventy-second 
year. 

He was a type—needful in the upbuilding of every 
science. 





e@ A marked speed-up in the rate of distillation of the 
rectifying columns used by the beverage distilling 
industry to produce 190-proof ethyl alcohol required 
for explosives, synthetic rubber, and other war and 
essential civilian uses has been made possible by the 
development by Owens-Corning Fiberglas Corporation 
of a new glass fiber packing material for the columns. 

The glass fibers can replace both the tinned-copper 
bubble plates with which the industry equipped its 
columns before Pearl Harbor, and the burned-clay 
Raschig rings which the industry resorted to as a sub- 
stitute when tinned copper became unavailable. It is 
believed that the material will also prove practical for 
use in distillation applications in the chemical, petrol- 
eum, and other industries. 

A principal factor in determining the rate of distilla- 
tion of an alcohol rectifying column is the amount of 
exposed surface area which is presented for the con- 
densation of water and other liquids. The ability of 
the glass fibers to increase the rate of distillation is 
due to the great increase in exposed surface area pre- 
sented by the fibers, as compared to the exposed surface 
area presented by either the bubble plates or the 
Raschig rings. 

One method employed in packing the columns with 
glass fibers consists of placing them in large, expanded- 
metal baskets which fit, one over the other, into the 


inside of the column. When used at their normal 
density of 3.5 pounds to the cubic foot, the fibers 
present 135 square feet of exposed surface area per 
cubic foot. This compares with an exposed surface 
area of 56 square feet per cubic foot when the Raschig 
rings are used. 

The beverage distilling industry formerly employed 
a column with a copper shell tinned on the inside, but 
the columns it is now erecting are built like a silo, of 
clay tile, cypress staves, or steel plates salvaged from 
tanks formerly used for other purposes. The new 
columns are from 4 to 10 feet in diameter, and are 
approximately 50 feet high. 

The operation of columns packed with glass fibers 
is identical with that of columns packed with Raschig 
rings, or fitted with the tinned-copper bubble plates. 
Heated vapors from stills producing the normal run 
of 120-140-proof alcohol pass up through the column. 
Water and other liquids with a boiling point higher 
than the 170 degrees, Fahrenheit, boiling point of 
ethyl alcohol condense on the bubble plates, Raschig 
rings, or glass fibers, and flow back to be reheated and 
revaporized by the rising vapors from the still, until 
the last vestige of alcohol is extracted from them. 

The vapors which finally pass out through the top 
of the column into a condenser become 190-proof 
alcohol with only 5 per cent of water content. 
































The Section, Division, and Journal 
of Chemical Education 


A Brief Historical Retrospect 


NEIL E. GORDON 
Wayne University, Detroit, Michigan 


HIS fall it will be twenty-two years since the first 

meeting of the Section of Chemical Education, 
twenty years since the first issue of the JoURNAL OF 
CHEMICAL EDUCATION was put on the press, and eleven 
years since I resigned as editor of the JouRNAL. In 
fact, I spent about thirteen years of active service in con- 
nection with the Section, the Division, and the 
JourNAL, and no thirteen years of my life have ever 
given me more satisfaction, in spite of the many ‘‘ups”’ 
and ‘‘downs.”’ Today I shall emphasize the ‘‘ups” 
and forget the “downs.” I am especially anxious to 
mention some of the men who were extremely helpful 
during this particular period. Time will not permit 
me to speak of others who should be mentioned. 

First of all, let me turn to the first meeting of the 
American Chemical Society which I ever attended. 
It was the Rochester meeting in the spring of 1921. 
In those days my main interest was physical chemistry. 
Hence I spent this first meeting in the division of which 
Dr. Harry N. Holmes was chairman. In the last ses- 
sion of this divisional meeting, Dr. Edward Ellery of 
Union College read a paper on ‘Research for the 
undergraduate.” To me this was one of the most 
interesting papers. Therefore, at the close of the 
session I went up to Dr. Holmes and asked him if 
he did not think that we might have more papers of 
this type. Dr. Holmes, in his usual encouraging 
manner, said he thought this would be possible, and 
suggested that I write Dr. Ellery about it. By the 
time I reached home, I had given more consideration 
to the proposition and had come to the conclusion 
that papers of this type would not be fitting in the 
Division of Physical Chemistry. If they were to be 
given, they should appear in a section of their own. 
It was on this point that I wrote Dr. Ellery, after con- 
gratulating him on his fine paper. In reply, he sug- 
gested that [ talk it over with Dr. Parsons, since the 
latter’s office was only about ten miles from the Univer- 
sity of Maryland. Soon after receiving the letter from 
Dr. Ellery, I visited Dr. Parsons in Washington and 
presented the proposition to him. He was not very 
optimistic and said that he did not believe a section 
of teachers would live. I left his office rather dis- 
couraged, but after thinking the matter over for a few 





1 Address, 105th meeting of the American Chemical Society, 
Detroit, Michigan, April 12, 1943. 
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days I decided to return and discuss it with him in 
greater detail. At this visit he was very pleasant and 
finally told me that if I could get fifteen other people 
who believed the same as I did in this matter, he would 
present it to Dr. Edgar F. Smith, who was then presi- 
dent of the society. He said Dr. Smith was interested 
in the history of chemistry and had already suggested 
that they have a Section of the History of Chemistry. 
Perhaps, he also suggested, it might be possible to 
put these two types of interest together. 

Within about ten days I had fifteen letters indicating 
that there were at least that many people interested 
in a Section of Chemical Education. I made this 
report to Dr. Parsons, who said he would pass it on to 
Dr. Smith. Hence I went home feeling that my job 
was completed. 

In about two weeks from that date a letter was 
received from Dr. Parsons stating that he had fol- 
lowed the matter up and that Dr. Smith felt that the 
section of history should not be combined with the 
section of teachers. On the other hand, he said that 
Dr. Smith would be glad to serve in the capacity of 
chairman for each section independently and that Dr. 
Smith was requesting me to serve as secretary for the 
Section of Chemical Education and prepare a program 
for the fall meeting in New York (1921). This was 
done; the meeting was very well attended and was 
pronounced a success. This was the beginning of the 
Section of Chemical Education, which in the fall of 
1924 became the Division of Chemical Education.’ 

The second meeting of the Division was at Pitts- 
burgh; at this meeting we had Dr. Holmes present a 
paper giving the topics which he covered in his college 
course. Following this, Dr. Mattern of Washington, 
D. C., read a second paper, in which he gave the con- 
tent of his high-school course in chemistry. The re- 
sult was that each of them covered practically the 
same ground. This led to a heated discussion which 
resulted in the formation of a national committee on the 
correlation of high-school and college chemistry.* 
The committee was to be composed of three high- 
school men, three college men, and three industrial men. 
Dr. Smith asked me to serve as chairman. 

I make special mention of this committee because 


2 J. Cue. Epuc., 1, 192 (1924). 
3 [bid., 1, 34 (1924). 











570 


it had much influence upon the course of events during 
the three years following. It prepared a high-school 
outline covering specific topics which was submitted 
for criticism to groups of teachers in all parts of the 
country. With these criticisms in mind, the commit- 
tee prepared a concrete high-school outline. It was 
in connection with this outline that a man was selected 
in each of the various parts of the country to lead in 
the work and report back to the committee. These 
men were largely suggested by Frank B. Wade of 
Shortridge High School, Indianapolis, Indiana. I 
mention this point because of the specific influence these 
selections had at a little later date. 

At the Milwaukee meeting of the American Chemical 
Society—that is, the meeting to which this committee 
report was given—I read a report before the Section 
of Chemical Education, bringing forth the troubles 
which were being encountered in publishing the various 
papers presented before the Section. 

Dr. H. E. Howe, Editor of the Journal of Industrial 
and Engineering Chemistry, and Dr. Arthur B. Lamb, 
Editor of the Journal of the American Chemical Society, 
were very courteous when some of the papers were 
presented to them for publication in their respective 
journals, but the facts were, as they stated, that the 
papers were not suited to their journals. Therefore, 
I had investigated other ways of publication. The 
matter had been taken up with Dr. Cattell, Editor of 
Science, who had offered to open his publication to a 
limited number of papers, provided that such pub- 
lications increased the circulation of Science. Mr. 
Smith made a similar promise relative to publishing 
the papers in School Science and Mathematics, of which 
he was editor. 

These matters were put before the Section with the 
additional suggestion that another way of taking care 
of the publication of papers was to have an independent 
journal. At the close of the report it was suggested 
that we take a vote on the three different types of 
publications. Hence on reaching home I sent a cir- 
cular letter to the 750 men and women who had de- 
clared themselves, through Dr. Parsons’ office, inter- 
ested in the Section of Chemical Education. This vote 
resulted in 56 per cent in favor of an independent 
journal. In view of this vote, I wrote to Dr. Parsons 
and acquainted him with the facts. In the same 
letter I asked if the American Chemical Society would 
be willing to back the Section to the extent of $5000 
for a period of three years. This proved impossible, 
however, since the Directors of the Society had adopted 
a definite policy of not appropriating Society funds for 
special groups such as those represented in the Divisions 
and Sections. 

After receiving this letter I went to see Dr. Parsons 
personally. Dr. Howe happened to be in his office. 
I asked them what they thought about the possibility 
of getting some ‘“‘ads’’ to help start the journal. Dr. 
Parsons asked how I expected to get ‘‘ads” until we 





‘ Ibid., 1, 33 (1924). 
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had a journal to show. Turning to Dr. Howe, I asked 
him if he saw any harm in trying. Dr. Howe, in his 
usual good-natured, jovial manner, said he saw no 
harm but he thought Dr. Parsons was right. I then 
asked Dr. Parsons if he had any objections to trying. 
He said, “No, if you wish to ‘hit your head against a 
stone wall,’ go ahead, and if you do have a journal I 
will bet you the biggest dinner you can eat that you will 
not have more than 300 subscribers.” 

On reaching home I made up a dummy journal, 
together with an advertising list covering full pages, 
half pages, quarter pages, etc. On Wednesday of that 
week I started for New York but decided to stop at 
Philadelphia to see Arthur H. Thomas, who was at 
that time president of the Arthur H. Thomas Company. 
Mr. Thomas was more than courteous and listened 
very attentively to my entire story about the Section 
(which he said he had been following with some in- 
terest). He said he believed we possibly should have 
an independent journal but said our advertising rates 
were too high. He suggested that we see C. C. Robin- 
son, who was then president of the Chemical Catalogue 
Company and who at that time had charge of the 
advertising for the Journal of Industrial and Engineer- 
ing Chemistry. 

I followed his suggestion. After going over the 
matter with Mr. Robinson, I found that he agreed with 
Mr. Thomas about the rates. Hence he made out a 
new schedule which he thought was in keeping with the 
prospective circulation of the journal. After I thanked 
him and was part way across the room toward the door, 
he called me back and said he would like to be the 
first one to sign up for an ‘‘ad” in this new journal. 


This was my first real thrill for the proposed journal, - 


for I somehow felt that this introduction should be very 
helpful. My anticipation proved to be true. The 
two following days spent in New York resulted in 
signing up $2000 worth of advertising. Consequently 
my return to Baltimore was with a great deal of satis- 
faction. 

We reported the results at once to Dr. Parsons and 
asked if he would be willing for us to start the journal 
if we did not expect the American Chemical Society to 
assume any financial responsibility. He said he would 
take it up with the executive committee. He did, and 
in about ten days I received word from him to the 
effect that there was no objection, but that he wished 
to emphasize the fact that the American Chemical 
Society did not assume any financial responsibility, 
as stated in my letter. 

I thought the next step would be easy—that is, to 
get Edgar F. Smith, still chairman of the Section, to 
be the editor. Therefore, the next day, after receiving 
the letter from Dr. Parsons, I went to Philadelphia 
and presented the matter to Dr. Smith. He expressed 
delight that we had made so much progress but said he 
must decline the honor of being editor. He was think- 
ing about getting out a journal on the history of chem- 
istry and did not wish to become involved in a second 
one, partly because he felt he did not have the strength 
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for it, and partly because he thought it was better to 
keep the two journals independent of each other. The 
suggestion was made that he put his history of chem- 
istry in with our journal, and he said emphatically, 
“No.” He felt that if he were to do that, the history 
of chemistry would fall into the background and be 
more or less obliterated, and his purpose was to make 
the history of chemistry very prominent.* 

Dr. Smith, as most of you know, was one of the 
kindest men whom we have ever had in the Society 
but he was very definite in his ideas. Experience 
with him had taught me this. Hence I knew that 
further waiting was useless. As I left. his office he 
said, ‘‘Why don’t you do it yourself?’ Turning, I 
told him that I did not feel equal to such a task, but 
on reaching home I realized a decision had to be made. 
Accordingly I sought counsel by requesting Mr. Seger- 
blom, Dr. L. C. Newell, Dr. H. C. Sherman of Colum- 
bia, and Dr. R. E. Rose of the DuPont Company to 
meet me in New York, in order that we might work 
out some feasible plan for editorial work. Mr. Seger- 
blom and Dr. Newell could not come to New York 
because of their scholastic duties, but I did have the 
privilege of talking the entire matter over with Dr. 
Sherman and Dr. Rose. They again encouraged me 
to go ahead as editor of the journal, saying they would 
help all they could, but neither wished to take the 
entire responsibility. Both cautioned me that we 
were taking on a very big financial responsibility. 
Since it was now December 10, a quick decision had 
to be made if we were to bring out the first issue with 
the beginning-of the year. 

Mr. Mack, president of the Mack Printing Company, 
was asked to come to Baltimore. In the meantime I 
decided to handle the editorial work in the manner 
set up in the first issue. That is, I would take the 
responsibility as editor-in-chief, provided that Dr. 
Rose and Dr. Sherman, who had already agreed to help, 
would become departmental editors for the industrial 
and college fields, respectively. I asked Mr. Seger- 
blom to be responsible for the high-school chemistry, 
and Dr. William McPherson of Ohio State to be 
responsible for graduate chemistry. I was much elated 
when they all gave me affirmative replies. Then the 
idea came to me of having what we might call ‘“‘con- 
tributing editors.’ These men were to be distributed 
in various parts of the United States so that there would 
be a steady flow of material from various localities. 
Furthermore, I felt that such representation would 
help the circulation in those various districts. I selected 
the very men who had been suggested for the cor- 
relation of high-school and college chemistry.* These 
are the names which you will find in the first issue. 
This group proved to be most helpful in many ways, 
as I shall mention later. 





* At a later date Dr. Smith agreed to publish papers on the 
history of chemistry in the JouURNAL OF CHEMICAL EDUCATION, 
and requested that Dr. Newell be the departmental editor for 
this section of the JOURNAL. 

5 J, Cue. Epuc., 1, 33 (1924). 
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To make a long story short, let me say that through 
the help of Mr. Mack the first issue came out on 
schedule with only one flaw, but a very conspicuous 
one at that: it did not carry any page numbers. To 
me this was most humiliating, but I was much consoled 
by a very friendly letter from Dr. Howe, who said that 
I should not worry because it was really the fault of the 
publishers. There was not much time to worry be- 
cause the next issue had to be made ready for press, 
and so numbers 2, 3, 4, and 5 came out in rapid suc- 
cession. While preparing the May issue I decided 
to drop those for July and August. I felt we would be 
justified in such omissions since many teachers would 
be away on vacations. To be perfectly frank, I was 
thinking more of getting a breathing spell. 

While I was preparing the September issue a man 
came into my office and introduced himself in such a 
way that I thought possibly he wasn’t “all there.” 
I did not have any reason to change my mind during his 
stay, for he asked what seemed to me foolish questions 
at that time. Later he proved to be much wiser than 
I anticipated. He left with only the remark that his 
name was Koehn and he lived in Washington. He had 
heard about the JouRNAL and was just looking around 
to see what the organization was. 

I forgot completely about this occurrence and went 
on with my crowded schedule. I began to realize 
that I had to have more help to continue this work. I 
had heard a great deal about Dr. Earle M. Billings 
of the Eastman Kodak Company, and had learned 
that he was very willing to help with promotional 
projects of this type. It occurred to me that he 
might be willing to act as secretary of the JouRNAL, 
thereby releasing me of much correspondence. For 
this reason I went by way of Rochester to the fall meet- 
ing of the American Chemical Society at Ithaca, to see 
what we could do to get his help. 

I found that Dr. Billings possessed all the fine 
qualifications reported, for he consented to do what he 
could as secretary to circulate the JouRNAL. Also I 
had learned a great deal about the educational interest 
of Ross A. Baker of Syracuse University. I stopped to 
see Ross and asked him what he thought about our 
making some plan for professors to exchange their 
positions during the year between various colleges and 
universities. He was delighted with the idea and said 
he would be very glad to assume a position in some 
other university tor a year for the sake of getting the 
experience, provided his pay could be kept up to par 
(but with no objection to its being higher!). I mention 
this because it also had a large influence on later de- 
velopments. 

On reaching Ithaca, I found the meeting was busy 
as usual in its various activities. However, with the 


-help of Mr. Segerblom the financial report® was pre- 


pared for the year and published in the first volume, 
along with the first constitution’ of the Division. I 
am proud to say that this first financial report had a 


6 J. Cuem. Epuc., 1, 194 (1924). 
7 Ibid., 1, 192 (1924). 
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larger balance than shown. We made it this way in 
order that we might not be disappointed when the 
entire year rolled around. 

At this Ithaca meeting we started the custom of 
having a dinner for the contributing editors at each 
semiannual meeting, at which time we were to discuss 
the improvement of the JouRNAL. This proved to be a 
most helpful group for developing the JouRNAL. While 
at the first contributing editors’ meeting I received a 
telegram which read as follows: ‘‘Come to my office 
as soon as work finished in Ithaca. Have an important 
matter to take up with you.” Signed: ‘Francis P. 
Garvan.” 

Instead of returning to Baltimore, I took the night 
train for New York. Who should meet me at the train 
that morning but Mr. Koehn, the man to whom I 
previously referred as the unknown man from Washing- 
ton, whose conduct could not be explained at the time. 
He took me to breakfast and told me something about 
Mr. Garvan. He said that while Mr. Garvan was still 
in Europe he had sent him the copies of the JOURNAL 
which he had obtained from me. In fact, Mr. Garvan 
had just returned from Europe and had sent the tele- 
gram as soon as he had come off the boat, 7. e., before 
he had even gone home. He said that Mr. Garvan 
was very much interested in this JoURNAL OF CHEMICAL 
EDuCATION and he was sure he wished to do something. 

About ten o'clock he took me up to Mr. Garvan’s 
office. The first thing Mr. Garvan asked, in his usual 
abrupt manner, was, ‘“‘What may I do for that JouRNAL 
OF CHEMICAL EpucaTION?” I told him that I was not 
sure there was very much he could do since the JOURNAL 
was balancing its budget. At this remark, he picked up 
from his desk the JOURNAL which had been sent him in 
Europe and asked me if we were proud of thatissue. I 
told him I was. He apologized for putting it just that 
way and said he could see why I should be proud of it, 
but he wondered if we were satisfied to have a journal 
of that size. He asked if there weren’t more material 
that could be published; I told him yes, there probably 
was, and he said, “‘If there is, then we want the JOURNAL 
three to ten times larger than this, and you proceed to 
make it larger.” 

Then he asked if there were anything else he could 
do to help the circulation of the JouRNAL. I told him 
we felt that there should be a better organization of the 
chemistry teachers in the various states, that there was 
only one locality where they were well organized at 
that time—the New England states, where they had 
been carefully organized by such men as Dr. Newell 
and Mr. Segerblom. He requested that I make plans 
to visit the various states and do what I could to get 
them organized in every state. I told him I could not 
do this without having somebody to take my work at 


the University of Maryland. He asked if I knew of: 


any man who could be obtained for such work. At 
once the thought came to me that I might get Dr. 
Baker of Syracuse, with whom I had talked on my 
way to the Ithaca meeting. He said to go ahead and 
see what could be done. I took the matter up with Dr. 
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Baker, and he, in his usual cooperative manner, con- 
sented to come to Maryland to take over my teaching 
and assist me with the editorial work. He became 
known as ‘‘Sunny Jim,” and was liked by everybody. 

I traveled from state to state, cooperating with the 
contributing editors, who always had very fine audi- 
ences for me. At these meetings I placed before each 
group three different types of organization: first, 
an independent one, like that in the New England 
states; second, one associated with the State Teachers’ 
Association; and third, one associated with the local 
section of the American Chemical Society. That year 
resulted, first, in many state and local teachers’ organi- 
zations, second, in a large increase in circulation of the 
JOURNAL, and third, in acquiring much new material 
for publication. 

As spring approached, Mr. Garvan called me again 
to New York and in his abrupt way said he wished me 
to leave Maryland and come to New York to devote 
my entire time to developing this JouRNAL; if I were 
to do so, he would give me $10,000 a year. I told him 
that I was committed to the University of Maryland 
as chairman of the Chemistry Department; also I was 
state chemist in Maryland, and therefore could not see 
how I could honorably leave at that time. However, 
I would think the matter over. 

On my way back to Baltimore, I stopped off at 
Philadelphia and told Dr. Smith the entire circum- 
stances, asking for his advice. I shall always remember 
Dr. Smith’s look of surprise and his calm manner, 
which was always present. After a few minutes’ 
hesitation he said, ‘‘Well, Neil, that’s a fine offer, but 
my suggestion is to stick with your university.” My 
high respect for Dr. Smith’s opinion settled the matter 
as far as I was concerned. I returned home, not men- 
tioning it to the university, and went on about my 
work. 

It came time for Dr. Baker to return to his home 
university, Syracuse, and I went to New York with Dr. 
Billings to go over the JOURNAL budget with Mr. Buf- 
fum. At this meeting Mr. Buffum said that Mr. Gar- 
van was still not satisfied with the size of the JOURNAL; 
he wanted it even larger than we were making it. My 
reply was that I simply could not put any more time 
on it. At this remark, Mr. Buffum left the room and 
in a few minutes returned with Mr. Garvan. The 
latter’s response was, “‘I want you to be free to put an 
unlimited amount of time on that JOURNAL. Since you 
refuse to leave the university, I will pay your salary and 
you remain at the university. That is, I wish to fix 
it in such a way that you will feel free to spend an un- 
limited amount of time with the JouRNAL, and if the 
university does not have to pay your salary, they can 
put some people on to do your work. You can still 
retain your position but receive no salary from the 
university.” I am trying to make this point clear, 
for at one time there was criticism, stating that I was 
receiving two salaries, one from the Chemical Founda- 
tion and one from the university. 

(Continued on page 405) 
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A Graphic Representation of Intermediary 
Metabolism 


O. S. RASK 
The Johns Hopkins University, Baltimore, Maryland 


HE PROCESSES of life have, since the earliest 

times, interested everybody from the lowly illiterate 
concerned only with self-preservation to the experi- 
mental philosopher searching for causes and effects. 
It is impossible, therefore, to trace the science of 
biology to its beginning. However, a few of its rela- 
tively modern landmarks can be noted. In 1628 the 
English physiologist, William Harvey, described the 
circulation of blood essentially as it is recognized now. 
In 1771 Karl Wilhelm Scheele in Sweden, and in 1774 
Joseph Priestly in England, independently of one an- 
other, discovered oxygen, and thereby opened the 
door to the science of biochemistry which was founded 
in 1790 by the French chemist, Antoine Lauret 
Lavoisier, in his demonstration that animal heat is the 
result of oxidation similar to that which takes place 
in a fire. In 1847 the German chemist Justus von 
Liebig, a “great-grand pupil’! of Lavoisier, recognized 
organic foods as composed mainly of proteins, fats, 
and carbohydrates. Since then physiologists and bio- 
chemists have demonstrated that in the alimentary 
tract, proteins are hydrolyzed, that is, digested into 
amino acids, fats into fatty acids and glycerol, and 
carbohydrates into monosaccharides, mainly glucose. 
The purpose of these digestions is to render the foods 
diffusible through the intestinal wall and absorbable 
into the blood. In their above hydrolyzed or digested 
forms, therefore, the foods enter the blood. The 
succeeding transformations and utilizations of foods 
constitute intermediary metabolism which is outlined 
on the accompanying chart. 

In leaving the alimentary tract, glucose and the 
amino acids enter the portal blood stream which 
carries them to the liver for further actions by this 
organ, as indicated in the chart. Glycerol and the 
fatty acids are absorbed by a different route. They 
enter the thoracic duct, which carries them directly 
into the systemic circulation without first entering the 
liver as glucose and the amino acids do. In studying 
the chart further, it will be necessary to consider the 
digestion products of each food separately. 

Glucose. In the liver, glucose and glycogen exist 
together in a very responsive and delicate equilibrium 
rigidly controlled by the two more or less mutually 
antagonistic hormones, insulin and epinephrin. As 
indicated in the chart by the single-tailed arrows, in- 
sulin accelerates a general glycogenesis, that is, the 





1 Liebig was a pupil of Gay-Lussac; Gay-Lussac was a pupil of 
Berthollet; and Berthollet was a pupil of Lavoisier. 
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conversion of glucose not only from the portal blood 
but also from the systemic blood into liver and muscle 
glycogens. In this manner insulin exercises its well- 
known function of lowering blood sugar. As indicated 
by the double-tailed arrows, epinephrin accelerates 
glycogenolysis, that is, hydrolysis, of both liver and 
muscle glycogens, converting the former into glucose 
and the latter into lactic acid. In converting liver 
glycogen into glucose, epinephrin exercises its well- 
known function of raising the blood sugar level. 

A post-absorptive blood sugar level of a little less 
than 100.0 milligrams of glucose per 100.0 milliliters 
of blood is indicative and diagnostic of a normal 
balance between the opposing actions of insulin and 
epinephrin. In pancreatic diabetes the blood sugar 
level is higher due to the absence of insulin necessary 
to balance epinephrin. 

Closely associated with the intermediary metabolism 
of glucose and a part of it is the chemistry of muscle 
contraction. As indicated in the chart, the chemistry 
of muscle contraction (as recognized by some authori- 
ties at the present time) consists of a series of about 
fourteen reactions by which muscle glycogen is ulti- 
mately converted into carbon dioxide and water. In 
the first two of these reactions two molecules of phos- 
phocreatin yield two molecules of phosphoric acid to 
adenylic acid which is thereby converted into adenylic 
acid pyrophosphate. In the third reaction the result- 
ing adenylic acid pyrophosphate is decomposed into 
adenylic acid and two molecules of phosphoric acid, 
the latter combining with glycogen to form fructose 
diphosphate. Then follow reactions four to eight (and 
at the same time some unnumbered reactions) by 
which half of the fructose diphosphate is converted 
into lactic acid while the other half is reconverted into 
glycogen. Reaction nine is the oxidation of a part of 
the lactic acid into carbon dioxide and water. Re- 
actions ten and eleven are, respectively, the conver- 
sions of the remaining lactic acid into muscle and liver 
glycogens. Reaction twelve is a reconstitution of 
adenylic acid pyrophosphate from adenylic acid and 
two molecules of phosphoric acid. The cycle is com- 
pleted by reactions thirteen and fourteen which are 
the reverse of reactions two and one, respectively. 
This system series of reactions is supposed to be 
“thrown out of gear’’ by a liberation of ammonia from 
adenylic acid or adenylic acid pyrophosphate with the 
formation of inosinic acid or inosinic acid pyrophos- 
phate, respectively. 
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Fat. In 1915 it was demonstrated by J. F. Mc- 
Clendon at the University of Minnesota, that the con- 
tents of the intestinal tract are not sufficiently alkaline 
for fatty acids to be formed into soaps and absorbed as 
such in accordance with the theory of fat absorption 
proposed by Pfliiger in 1900. Otherwise fat absorp- 
tion transport and utilization are not well understood. 
However, interesting theories on fat absorption and 
mobilization have in recent years been proposed, re- 
spectively, by F. Verzar, and T. Cahn and J. Houget. 
An attempt has been made to represent on the chart a 
little of fat metabolism in accordance with these two 
theories. 

Verzar’s Fat Absorption Theory: The free fatty 
acids and glycerol are carried through the intestinal 
wall by the hydrotropic actions of the bile acids. Then 
in some outer layer of the intestinal wall the fatty 
acids and glycerol are supposed to encounter phospho- 
choline and unite with it to form phospholipins. As 
such, the fats are transported to the fat depots where 
the phosphocholine is released and returned to the 
circulation, while the fatty acids and glycerol are 
formed into triglycerides to constitute depot fat until 
mobilized. 

The Cahn-Houget Theory on Fat Mobilization: 
Cholesterol enters the fat depots and there combines 
with the fatty acids to form cholesterol esters which 
are transported to the liver. In the liver the chol- 
esterol esters are decomposed into free fatty acids and 
cholesterol. The cholesterol is returned to the circu- 
lation, whereas the fatty acids are desaturated and at 
the same time combined with phosphoglycerol and 
choline to form desaturated phospholipins. These 
are then transported to the muscles where phospho- 
glycerol and choline are released and returned to the 
circulation, whereas the free desaturated fatty acids 
undergo beta oxidation to carbon dioxide and water. 

Amino Acids. Intermediary protein metabolism 
has been recognized mainly by three manifestations 
which occur successively, more or less in the following 
order: 

1. A rise in the concentration of amino acids in the 
blood from a minimal post-absorptive level of about 
25.0 milligrams per 100.0 milliliters to a maximum 
absorption level of about 45.0 milligrams per 100.0 
milliliters. 

2. A rise in the urea concentration of the blood 
from a post-absorptive (and presumably endogenous) 
level of about 20.0 milligrams per 100.0 milliliters to a 
maximum level of about 40.0 milligrams per 100.0 
milliliters. 

3. Excretion by the kidneys of nitrogen about 
equal in quantity to the nitrogen metabolized, about 
three-fourths of the excreted nitrogen being in the form 
of urea. 

It is an interesting and probably important fact 
that the blood never contains less than around 25.0 
milligrams of amino acids per 100.0 milliliters of blood, 
even during nonabsorption of amino acids or during 
prolonged periods of very low protein diets. Appar- 
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ently this concentration of amino acids is essential for 
certain required, but as yet unknown, characteristics 
of blood. If so, lower concentrations of amino acids 
in the blood may be expected to cause disturbances, 
possibly as serious as those resulting from a lowering, 
by means of insulin injections, of the blood sugar level 
to 50.0 milligrams per 100.0 milliliters of blood. 

In 1922 Folin and Berglund at Harvard University 
discovered that the amino acid nitrogen in the blood 
might double within two hours after the intake of 
protein, whereas the urea nitrogen in the blood did not 
begin to rise appreciably until about four hours after 
the protein intake. By that time the amino acid 
nitrogen in the blood had begun to fall. This sequence 
of events in which a rise in the concentration of amino 
acids in the blood precedes a rise in the concentration 
of urea in the blood led Folin to conclude erroneously 
that amino acid deaminization and urea formation are 
not localized in the liver. However, in 1924 Bollman, 
Mann, and Magath of the Mayo Clinic in Rochester, 
Minnesota, demonstrated conclusively that urea forma- 
tion is localized very highly if not exclusively in the 
liver. In 1932 Krebs and Henseleit at the University 
of Freiburg published their ornithine-arginine cycle as 
the chemical mechanism by which the liver deaminates 
amino acids and releases the removed nitrogen in the 
form of urea. As indicated in the chart, the products 
of these reactions are urea and deaminated molecules 
of amino acids which are ultimately oxidized as fats 
in the case of those amino acids which are ketogenic, 
and as glucose in the case of those amino acids which 
are listed as glucogenic. 

In the light of the above discoveries of Bollman, 
Mann, and Magath and of Krebs and Henseleit, it 
has become necessary to reinterpret the earlier observa- 
tions of Folin and Berglund that the amino acids con- 
centration wave in the blood precedes that of urea as 
indicating that the Krebs-Henseleit ornithine-arginine 
cycle is a slower process than the process by which 
amino acids pass out of the alimentary tract and into 
the blood stream. Tf so, an increase in the concentra- 
tion of amino acids in the blood will obviously precede 
an increase in the urea concentration in the blood as 
Folin and Berglund observed. 

Urea is the principal and terminal nitrogen-contain- 
ing waste product of protein metabolism. During 
deaminations of absorbed amino acids, urea is produced 
at such a rate that its level in the blood rises to around 
40.0 milligrams per 100.0 milliliters. As a result of 
excretions by the kidneys, this level falls rapidly to 
about 20.0 milligrams, which is the minimum concen- 
tration of urea in the blood prevailing during periods of 
nonabsorptions of amino acids. This lowest level of 
urea in the blood may possibly be determined in part 
by a renal threshold for urea excretion and partly by 
urea originating more or less continually in the wear 
and tear quota. However that may be, the lowest 
20.0 milligrams of urea in the blood is mainly if not 
entirely endogenous and may therefore be so desig- 
nated. Urea over and above this level may be desig- 
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nated as exogenous because it obviously originates in 
the amino acids supplied by the food proteins. 

The column on the left side of the chart indicates, in 
milligrams per 100.0 milliliters, the composition of 
blood in terms of those constituents usually deter- 
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mined in a chemical analysis of blood. The chart also 
indicates (in the muscle and lung areas) the reactions 
by which the blood transports oxygen to the tissues 
and carbon dioxide away from the tissues and out by 
way of the lungs. 








An Autocatalytic Experiment to Illustrate 
Virus Growth 


P. HERSCH 
The University, Istanbul, Turkey 


HE REDUCTION of nickel hydroxide by means 
of hypophosphite, when performed under special 
conditions, closely resembles the growth of bacterial 
colonies on a culture medium. This entirely in- 
organic reaction system is suggested to illustrate 
autocatalysis to students of biochemistry. 
Hypophosphite ion is dehydrogenated by active 
forms of nickel according to the equation (3, 5): 


Ni 
H.PO,- + H,O > H.PO;-+ 2H 


If nickel ion is present, it is reduced by a part of the 
nascent hydrogen (4, 6, 7, 8): 
Nit+ + 2H — Ni + 2Ht 


The reaction product is very active in promoting 
further dehydrogenation and the whole system is 
therefore typical of autocatalysis. 

The reduced nickel is not pure, however, but is 
alloyed with metallic phosphorus formed by secondary 
reactions (7, 8). The mechanism of the dehydro- 
genation is probably a complex one, as is the case 
with the autoxydation of hypophosphite (1, 2). The 
decomposition resembles that of formate: 


HCO,- + H:0 ~ HCO;- + 2H 


which is catalyzed by bacterium coli or palladium (9). 
The nickel catalyst formed by hypophosphite is also 
able to decompose formate. 

The reaction between Ni+*+ and H:PO.~ takes place 
only under certain conditions of concentration (7). 
The following method of performing the experiment 
has always proved successful. 

Dissolve: 
A. 7.0 g. of NiSOy-7H2O in 45 ce. of water, to give 
50 ce. of a 0.5 mol. Nit+* solution; 

B. 52g. KH2PO: in 75 cc. of water, to give 100 cc. 

of a 5.0 mol. hypophosphite solution; 

C. 5.5 g. of KOH in 48 cc. of water, to give 50 cc. 

of 2 N KOH. 


To prepare the catalyst, mix 1 cc. of A, 2 cc. of B, 
and 1 cc. of C. Heat the mixture in a large test tube. 
At about 100°C., the liquid suddenly turns black and 
effervesces vigorously because of the hydrogen evolved. 
After decomposition of the excess of hypophosphite, 
the nickel deposits as a black powder. It is kept under 
the liquid, which is now clear and colorless. It thus 
remains active over many weeks. 

The reaction mixture also consists of A, B, and C in 
the proportion of 1:2:1 by volume. As a reaction 
vessel, use a white porcelain saucer, which will subse- 
quently be filled with the reaction mixture to a depth 
of 2to3mm. To obtain the correct temperature, use a 
clean water bath at 50°-55°C. Mix A and Band warm 
the mixture in the water bath. Warm solution C and 
the saucer also. When the saucer and the two solutions 
have come to the temperature of the bath, withdraw 
them, add C to A and B, and pour the resulting green 
suspension into the saucer. By means of a wire, place 
very small traces of the previously prepared nickel 
catalyst on a few distant points of the green reaction 
liquid. These small ‘‘inoculation’’ spots immediately 
begin to grow, evolving gas bubbles and forming 
black “‘colonies” which reach a diameter of 1 to 2 cm. 
within three minutes. To demonstrate poisoning, 
place one drop of a 2 per cent KCN solution on one 
of the spots, which immediately ceases to grow. The 
other spots continue to expand until finally the whole 
of the green liquid has turned black. 
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Two Lecture Demonstrations 


LIEUTENANT COLONEL THOMAS G. THOMPSON 
War Department Civilian Protection School, Seattle, Washington 


I. FUNCTIONING OF GAS MASK FILTERS 


HE GAS mask consists primarily of a face piece and 

a canister. The face piece serves as a protection for 
the eyes, nose, and mouth against air contaminated 
with toxic substances, while the canister functions in 
the removal of poisonous gases, fogs, or smokes from the 
air being inhaled. Exhaled air escapes through a flutter 
valve attached to the lower part of the face piece. 

The canister contains two filters, one designated as 
the chemical filter for the removal of gases, and the 
other as the mechanical filter for the elimination of 
aerosols in the form of fogs or smokes. The chemical 
filter is essentially specially prepared charcoal which 
has the property of adsorbing most substances in the 
gaseous state. As the toxic substances of chemical 
warfare may be gases, liquids, or solids, protection by 
the charcoal is accorded only when the substances are 
actually present as true gases. To remove toxic fogs 
or smokes, a mechanical filter in the form of felt or paper 
is necessary. ; 

In order to illustrate the functioning of the two types 
of filters, the following lecture experiments were devised : 


Chemicals required: 
Concentrated ammonium hydroxide 
Concentrated hydrochloric acid 
Charcoal, No. 20 mesh (activated) 
Apparatus and equipment: 
Two 250-ml. bottles fitted with two-hole rubber stoppers 
Four feet glass tubing, 1/4 in. 
Rubber aspirator bulb 
Calcium chloride tube, 6 to 8 in. 
Litmus paper 
Glass wool 
Absorbent cotton 


The apparatus, illustrated in Figure 1, is disconnected 
at C. Air is aspirated through the bottle, B, containing 
the ammonium hydroxide. A marked odor of am- 
monia is noted at the outlet, C, on compressing the 
aspirator bulb. In demonstrating before a class, a 
piece of moistened red litmus paper may be held at the 
outlet. When the presence of ammonia has been shown, 
the charcoal tube, from which the absorbent cotton has 
been removed, is connected at E. Air is again aspirated 
through the apparatus. A piece of moistened red litmus 
paper is held at the outlet of the charcoal tube. No 
color reaction is manifested showing that all the am- 
monia has been absorbed by the charcoal, and illus- 
trating the behavior of the chemical filter.! 

Bottle D containing the hydrochloric acid is then 





1 Note: In practice the ordinary gas mask canister of the 
Chemical Warfare Service should not be used when working in 
an atmosphere containing ammonia, because of the unusually 
high concentrations of the gas. 
used for this purpose. 


Special industrial masks are 
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F1GURE 1.—A Is THE ASPIRATOR BULB, B A 250-ML. BoTTLE 
FITTED WITH A 2-HOLE RUBBER STOPPER AND CONTAINING 
SEVERAL ML. oF CONCENTRATED NH,OH. C Is Aa RUBBER 
TUBE USED FOR CONNECTING B WITH THE Bott Le, D. D Is 
SIMILAR TO B BuT CONTAINS SEVERAL ML. OF CONCENTRATED 
Hyprocuioric Acip. F Is a Catcrum CHLORIDE TUBE Con- 
TAINING A WaD OF GLAss Woo. ATG. THE BULK OF THE TUBE 
Is FILLED WITH ACTIVATED CHARCOAL, H, AND THE TOP OF THE 
TUBE WITH ABSORBENT CorTrTon, J. 


connected to the bottle, B, at C. On aspirating air 
through the apparatus, a cloud of ammonium chloride 
issues at E. The charcoal tube is then connected to 
E by means of a piece of rubber tubing and the ammon- 
ium chloride smoke again aspirated. The smoke is not 
retained by the charcoal. Absorbent cotton is then in- 
serted in the upper part of the tube at HE. On aspirating, 
no smoke will issue from the end of the tube, the cotton 
having served as a mechanical filter. 


II. TWO CHARACTERISTICS OF CHEMICAL WARFARE GASES 


The following experiment was devised to illustrate 
the density of a war gas, demonstrating its downward 
movement in air, and to show the effects of wind move- 
ment upon such a substance. 


Chemicals required: 
Potassium permanganate 
Concentrated hydrochloric acid 
Crystals of potassium iodide 


Apparatus and materials: 
Heavy iron stand 
Two condenser clamps 
Strip of plyboard, painted white, 150 cm. X 15 cm. 
Glass tubing, 150 cm. long and 5 cm. in diameter 
Roll of gauze tape, 2.5 cm. wide 
White cloth, 150 cm. X 150 cm. 
Quart glass milk bottle, or liter cylinder 
Watch glass, 6 cm. 
Beaker, 600 ml. . 
(Continued on page 398) 








The Sainte-Claire Deville Hot-Cold Tube 
and Some of Its Applications 


RALPH C. YOUNG 
Massachusetts Institute of Technology, Cambridge, Massachusetts 


N HIS “‘Lecons sur La Dissociation,” Henri Sainte- 
Claire Deville* states, ‘“‘It is known that the electric 
spark decomposes a large number of compounds. Now 
in all probability the action of the electric spark results 
from the large amount of heat it develops. It seems 
to me, however, that since this decomposition is not 
followed by a new combination of the elements, it is 
due to the fact that there is an immediate contact with 
a moving and relatively very cold atmosphere. These 
conditions can be realized without the use of electricity 
in the following way.”’ He describes then his appara- 
tus, ‘des tubes chaud ‘et froid,’”’ which for many years 
now has been referred to as the Deville hot-cold tube. 

Deville’s apparatus consisted of a porcelain tube 
(about 30 mm. in diameter and 50 cm. long) which was 
heated directly and served as the “hot” tube. In the 
center of this and held parallel with it was a tube 8 mm. 
in diameter, which extended through cork stoppers 
inserted at each end of the porcelain tube. It was 
constructed of silvered brass and, by means of a cur- 
rent of water running through it, was made to serve 
as the “‘cold” tube. Each cork stopper was also fitted 
with a small glass tube, one of which served as the 
inlet for gases and the other the outlet. 

Modifications of Deville’s apparatus have been used. 
Electrical heating elements have been put inside glass, 
silica, and porcelain tubes of small diameter, and these 
are used as the “thot” tubes. Large tubes of glass or 
copper, double walled for the circulation of water, 
serve as the ‘‘cold’” tubes, and these are placed con- 
centric with the smaller tubes (2, 3). In another 
variation the “‘cold” tube is closed at one end and ex- 
tends only part way into the larger concentric one. A 
small tube conducts water to the closed inner end of 
the “‘cold” tube, the water passing back and out a side 
arm beyond the furnace (4, 6). 

Deville (1) describes his experiments on the disso- 
ciation of carbon monoxide, carbon dioxide, sulfur 
dioxide, and ammonia. He heated his “‘hot’”’ tube to 
such a temperature that dissociation of the gases took 
place. Only partial recombination occurred before 
the products reached the cold zone. From sulfur 
dioxide, for example, there were obtained sulfur tri- 
oxide and sulfur on the surface of the cold tube. De- 


* A short biographical sketch of Deville by H. S. Van Klooster 
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occurred in THIS JOURNAL in January, 1940. 


ville considered this as evidence that the sulfur dioxide 
was decomposed into its elements which were in a 
considerable measure prevented from recombining. 

The hot-cold tube has been especially useful in the 
preparation of the intermediate halides of some of the 
elements of groups 4 and 5. The higher halides can 
be reduced by hydrogen, but if the vapor of the halide 
and hydrogen are passed through a hot tube, the condi- 
tions may be such that only the element is obtained. 
This can be illustrated by the reduction of titanium 
tetrabromide (6). 


2TiBr, + H, = 2TiBrs + 2HBr (a) 
2TiBrs = TiBr, + TiBr, (b) 
2TiBr, = Ti + TiBry (c) 


At a temperature (500°C.) at which reaction (a) 
proceeds at a practical rate, reactions (b) and (c) will 
also occur slowly if TiBr, is not present in too great a 
concentration. Decomposition will be more complete, 
however, on the surface of the glass reaction tube which 
is at a higher temperature than the moving gas. If 
the cooling at the end of the furnace is gradual, reaction 
(a) may proceed from right to left. The experimenter 
may find that his only product is titanium metal which 
will have reacted with the glass in the heated zone. 
By the use of the Deville principle and by careful con- 
trol of the temperature and of the concentrations of 
hydrogen and titanium tetrabromide vapor, it is 
possible to prevent reactions (b) and (¢) from occurring 
in the gas phase and to collect on the “cold” tube 
titanium tribromide. Should any of the higher halide 
(TiBr,) contaminate the product it can be readily re- 
moved later because of its greater volatility. 

Since many of the intermediate halides which are 
formed by use of Deville’s principle readily undergo 
disproportionation when heated in a vacuum, it is 
possible to prepare other halides from them. Titanium 
tribromide, for example, decomposes slowly in a vacuum 
at 400°C. according to equation (b). The dibromide 
must be heated 200 degrees higher to obtain a rate of 
decomposition, equation (c), approximately equal to 
that of the tribromide. It is possible then to obtain 
the dibromide from the tribromide in a practically 
pure condition. 


(Continued on page 380) 
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Laboratory Work 
and the Scientific Method 


W. B. THOMAS, Bates College, Lewiston, Maine* 


IHE LABORATORY work in courses in general 

chemistry has been subjected to an increasing 
amount of critical evaluation in recent years. This is 
due, in part, to the controversy over lecture demon- 
stration methods vs. independent laboratory work; 
but there has also been general dissatisfaction with the 
results of laboratory work in elementary courses. 
This has led to numerous attempts to list the objectives 
of laboratory work. Every list that the writer has 
seen has included as one objective the teaching of the 
scientific method. In spite of this unanimity of 
opinion, it is probably fair to state that the orthodox 
laboratory course in general chemistry largely fails 
to attain this objective. Other writers! * * * have 
expressed similar viewpoints. It is the purpose of this 
paper to suggest several means whereby the laboratory 
work in general chemistry may be made to approxi- 
mate more nearly the scientific method. 

(a) Wherever possible, plan the experiment to in- 
clude an unknown. In this way the student is com- 
pelled to make observations and to draw conclusions 
therefrom. By way of example, consider the usual 
experiment on chemical and physical changes in which 
the student carries out certain operations on known 
materials. In most cases he decides whether the 
change was chemical or physical on the basis of pre- 
vious knowledge or by consulting the textbook, thus 
missing the real point of the experiment. On the 
other hand, if the student is told to heat an unknown 
substance and to compare the properties of the original 
and final substances, he must employ the observation- 
conclusion sequence which is so vital to scientific work. 

The writer has found sodium bicarbonate to be an 
excellent unknown for the experiment under dis- 
cussion. The substance is heated and the original and 
final substance tested for solubility in water, effect on 
phenolphthalein, and reaction with dilute acid. The 
number of pitfalls—and hence opportunities for some 
real teaching—is surprisingly large in this simple 
experiment. The careless student uses too much of 
each salt and concludes that both are insoluble in 
water; the keen student discovers a decided difference 
in solubility of the original bicarbonate and the final 





* Present address: Maine Mills Laboratory, Lewiston, Maine. 

1 Carmopy, ‘Elementary laboratory instruction,” J. CHEM. 
Epuc., 12, 233-8 (1935). 

2 FILLINGER, “Some departures from classical laboratory 
methods in general chemistry,” Jbid., 13, 487-90 (1936). 

? GarRarRD, “Scientific method in general chemistry labora- 
tory work, Jbid., 11, 42-4 (1934). 

4ScHLESINGER, “The contribution of laboratory work to 
general chemistry,” Ibid., 12, 524-8 (1935). 
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carbonate. The impulsive student notes that both 
original and final substances effervesce with acid and 
concludes that the change was physical. These and 
other errors in technique and judgment are discussed 
in detail with the class after, but never before, the ex- 
periment is performed. In a similar fashion many 
of the classical experiments of general chemistry can 
be revised to include an unknown. 

(6) Avoid detailed directions. The authors of some 
of the newer manuals have incorporated this sugges- 
tion, thus minimizing the ‘‘cook book”’ chemistry that 
all teachers deplore. Great care must be taken to 
provide adequate guidance while at the same time 
encouraging the student to exercise his own judgment. 

(c) Segregate questions dealing with background 
material from those based upon experimental results. 
The distinction between seeking the answers to ques- 
tions by reading and by experimenting must be made 
clear to the student. The research worker covers the 
literature dealing with a problem and then sets up 
experiments, the results of which may or may not agree 
with his predictions; the student must be taught to do 
likewise. 

(d) The results of an experiment should not be given 
in advance. The following quotation from a well- 
known laboratory manual serves to illustrate the point. 
“Drop a small fragment of zinc into dilute nitric acid. 
The latter is reduced to a poisonous red-brown gas, 
nitrogen dioxide, NO.” Such an experiment may 
help the student to learn the properties of nitric acid 
but will hardly introduce him to the scientific method. 
Garard* gives other examples of the same faulty 
approach. 

(e) Experiments should be so designed that the stu- 
dent uses the results of certain experiments to plan 
further work. Schlesinger‘ elaborates on this point. 

The writer has attempted to incorporate the sug- 
gestions just discussed, in a series of five experiments 
on qualitative analysis to be used near the end of the 
freshman course. The experiments were not designed 
to teach qualitative analysis as such (the regular course 
in that subject is given in the sophomore year at Bates 
College), but rather to serve as a tool for the teaching 
of ionic reactions as well as the scientific method. The 
experiments have been used for several years with 
considerable success. Since the five experiments are 
similar in approach, only one is presented here. 


SOME IONS OF THE COPPER GROUP 
I. Put 10 ml. of solutions of Hgt+, Pb*t, Bitt*, 
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and Cut++ in four different test tubes and treat each 
in succession with HS. Generate the gas by the ac- 
tion of dilute HCl (technical-sideshelf) on FeS. As 
soon as this is completed, stop the evolution of H,S by 
washing the acid out of the generator with water. 
Allow the precipitates to settle. (Heat may hasten 
this.) 


II. Hgt* 
A. Decant the liquid from the HgS; wash by 
decantation; heat with HNO. 
B. Add HCI to mixture A and heat. 
C. Cool B. Dilute with water. Filter if not 
clear; add SnCl, drop by drop. 


it. Fart 

A. Repeat II A, substituting Pbtt. 

B. Filter A if there is a precipitate and treat 
filtrate with H,SO,. Evaporate almost 
to dryness (evaporating dish). Cool. 
Add water; transfer to test tube; 
decant. 

C. Add C.H;0,~ to precipitate B. (Use a 
salt, not HC,H;0.. Why?) 

D. Add CrOy= + HC,2H;0; to solution C. 


Iv. Bitt+ 
A. Repeat III A and B, using Bittt. 
B. Add excess NH,OH to resulting solution. 
C. Filter B and pour a solution of SnO.= over 
the precipitate on the filter paper. (To 
prepare SnO.- add excess NaOH to 
Snt+,) 
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V. Cutt 
A. Repeat IV A and B, using Cut+. The 
final result serves adequately as a test 
for Cutt. 

VI. Devise a method for the separation and identi- 
fication of the four ions studied in I to V. Analyze 
25 ml. of a solution known to contain the four ions. 
This is to be followed by the analysis of an “unknown.” 
(Note: Decantation is satisfactory for the preliminary 
tests, but filtration must be used in the analysis in 
order to get complete separations. Precipitates should 
also be washed with water and the washings added to 
the filtrate.) 

Students who have had contact with the type of 
experiment just described, and also with the detailed 
directions previously employed, are enthusiastically 
in favor of the present plan. Of course, errors in judg- 
ment, procedure, and technique are numerous; but 
is that not actually an advantage? Does not the 
student learn through such a process? A thorough 
discussion subsequent to the laboratory work provides 
ample opportunity to point out the best procedure and 
technique as well as to explain the reason for student 
errors. 

Some authors of manuals of qualitative analysis 
take pride in presenting such detailed directions that 
“men, though fools, shall not err therein.’”’ The 
writer is not prepared to advocate the use of the 
method here presented in the full course in qualitative 
analysis, but he is convinced that indoctrination in 
the scientific method is an important part of the 
general chemistry course. 





THE SAINTE-CLAIRE DEVILLE HOT-COLD TUBE AND SOME OF ITS APPLICATIONS 
(Continued from page 378) 


The general procedure described above, including 
the application of the Deville principle, for obtaining 
titanium tribromide, has been successfully used in the 
preparation of titanium trichloride (3), zirconium 
tribromide (4), a chloride of silicon, SiipCle (2), and 
tantalum tribromide (5). 

Perhaps one can best summarize by repeating a 
statement of Deville (1): ‘‘On voudra bien observer 
que le mode d’experimentation que je viens de décrire 
est susceptible d’une grande extension et d’un grand 
nombre d’applications.” 
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A single layer of oxygen atoms on a sliver of steel the size of a safety razor blade 
can be weighed by a sensitive balance in the Westinghouse Research Laboratories. 
Such a layer weighs two hundred-millionths of an ounce, or about a hundredth as 


much as a speck of pepper. 
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Distilled Water Supply for Small Schools 


SHIRLEY GADDIS and CONRAD KUBINA 
Eureka College, Eureka, Illinois 


N SECONDARY schools and small colleges it is 

usually difficult to maintain a supply of distilled 
water. This paper describes an economical and 
simple method for making a deionized water which is 
pure enough for most needs. The method removes 
the anions and cations in tap water by using the new 
organic type of ion exchangers called the Amberlites.! 


THEORY 


Amberlite IR-100 has the ability to exchange Ht 
for any positive ion; thus, 


H-R + Nat —>Na-R + Ht 


The cation exchanger, IR-100, thus gives an effluent 
with a low pH. To regenerate this Amberlite it is 
necessary to reverse the above reaction by treating 
the resin with an acid solution. 

Amberlite IR-4 will exchange OH~ for any negative 
ion; thus, 

R-OH + Cl- —> R-Cl + OH- 

The effluent from the IR-4 will be basic, unless, as in the 


present procedure the feed water contains H* from 
the preceding exchange in the IR-100. To regenerate 


the IR-4, it is necessary to treat the resin with a basic ' 


solution to reverse the exchange reaction. 


APPARATUS 


The accompanying diagram shows the apparatus 
needed. The outer jackets for Liebig condensers 
(25 mm. by 75 cm.) are used for the columns. The 
first column contains eight ounces of IR-100. The 
second contains eight ounces of IR-4. The glass beads 
should average about 2 mm. in diameter. 


OPERATION 


Regeneration of the Amberlites: The IR-100 is re- 
generated with five per cent HCl solution, the IR-4 
with four per cent NazCO;. One liter of the regenerat- 
ing solution is allowed to drip over the Amberlite at 
the rate of two drops a second. The spent solution 
from the IR-100 comes out at C; the spent solution 
from the IR-4 at D. Allow the last of the solution 
to remain in contact with the resin for two hours. The 
regeneration is considered complete if the effluent 
from the IR-100 is acid to methyl violet and the IR-4 
effluent is basic to phenolphthalein. 

Backwashing the Amberlites: This is done to free the 
bed from all traces of the regenerant and also to expand 
the bed to permit better contact between resin and 





1 MEvERS, EASTES, AND Myers, “Synthetic resins as exchange 
adsorbents,” Ind. Eng. Chem., 33, 697-706 (1941). 
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water during the next cycle. For this purpose, dis- 
tilled water is introduced into the IR-4 column at D, 
coming out at C. The IR-100 is washed separately by 
introducing distilled water at C, coming out atA. The 
IR-100 is washed until the effluent shows no opalescence 
with 0.5 N AgNO;; the IR-4 is washed until the 
effluent is neutral to phenolphthalein. 

Exchange Cycle: The tap water is allowed to flow in at 
A and through the two Amberlites in series at the rate 
of one gallon an hour. Until experience is gained on a 
particular tap water, frequent tests should be made 
on the effluents. Test portions are drawn from the 
IR-100 column at outlet B. Test portions from the 
IR-4 column are taken at outlet D. The IR-100 
effluent must stay on the acid side of methyl orange. 
The IR-4 effluent must remain in the pH range 4.8 
to 8.2 (using methyl orange and phenolphthalein to 
determine this range). When either column breaks 
through the specified range, both columns should be 
sent through the regeneration and backwash cycles. 


ANALYSIS OF THE DEIONIZED WATER 


A 500-ml. sample of the water is evaporated to 
dryness in a platinum evaporation dish under infrared 
(Continued on page 400) 
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Chemistry and Integration’ 


SISTER M. XAVERIA BARTON, I.H.M. 
Marygrove College, Detroit, Michigan 


T THE present time chemistry has come into the 
field of vision with a brilliance even greater than 
usual. Chemistry in the recent past has been a subject 
of interest, a source of pleasure, utility, and wealth. 
Even in its present setting in the war picture, chemistry 
does not stand alone; it touches closely practically 
every other field of knowledge. The realization of the 
significance of chemistry in all its relationships is of 
special value to all of us today, as we plan not only to 
win this war but to win the peace. The peace will 
settle down on human beings, not on machine guns, 
planes, shells, and other paraphernalia of war which 
are products of chemistry and the other sciences. The 
peace will settle on rational beings who must live an 
integrated life in which one field of human endeavor 
dovetails another. Appreciation of the interdepend- 
ence of fields of thought is, therefore, not a luxury of 
education but rather a vital necessity for a sane future. 
I should like to indicate briefly how the integration of 
chemistry with other branches of study is made at 
Marygrove. Chemistry is one of many departments 
in the institution, each with its own pattern cut to 
fit its own needs, but each paralleling the others in 
philosophy and aim, and consequently contributing 
to a unified educational picture. The integration 
program has special importance in the total college 
plan. To quote the catalog: ‘In senior college seminar 
in fundamental relations, she (the student) applies 
herself specifically to a study of relationships. She 
sees her own field as an integrated part of the bigger 
thing that is human life. In a four-semester cycle, 
she makes contacts with four or more other major 
fields to which her own is related, and discusses com- 
mon problems with the students in these fields. She 
finds out for herself the practical philosophic, moral, 
and religious implications of apparently compart- 
mented arts and sciences.”’? 

The integration program seeks to give students the 
benefit of investigating problems common to several 
departments and to develop in them the techniques of 
research and of the public presentation and discussion 
of a paper. I shall limit myself to a presentation of 
the general method of handling the course and the 
cycle of problems considered in the chemistry integra- 
tion program. 

Public health is studied with the departments of 
biology and sociology; science and its influence on the 
progress of civilization with the departments of biology, 


1 Paper presented before the Division of Chemical Education 
at the 105th meeting of the American Chemical Society, De- 
troit, Michigan, April 12, 1943. 

2 Marygrove College Catalog, Detroit, 1942. 


mathematics, and history; chemurgy with the depart- 
ments of biology, economics, and journalism; and the 
relation of religion, philosophy, and science with the 
departments of mathematics and biology. It is ob- 
vious that in many of their aspects the subjects men- 
tioned are definitely governed by all the fields con- 
cerned. Later I shall show these specific aspects. 

The method of the seminar has been described in 
another place.* In practice, all juniors and seniors in 
the departments involved in a single problem are under 
the direction of a faculty group comprising one mem- 
ber from each department. The faculty functions in a 
directive capacity in preparing the outline of the 
course, the problems to be studied, and in giving con- 
structive aid to the students in the preparation of 
assigned papers. Beyond this, the handling of dis- 
cussions and research on papers is left to the students. 
The course meets twice a week, once as a departmental 
meeting in which factual background for formal papers 
is acquired, preliminary problems are clarified, and 
general preparation for the interdepartmental meeting 
is made. The second meeting is the seminar in which 
all departments involved assemble under the direction 
of a student chairman for the presentation of prepared 
papers. During the meeting definite contributions of 
all the fields concerned in the problem are recognized 
and discussed. But the whole procedure can best be 
demonstrated by a specific semester subject. 

In considering the vast problem of public health we 
may select any aspect which serves our purpose. We 
have, however, kept in mind the necessity for a bal- 
anced perspective and, though necessarily we have to 
select relatively few problems for attention during the 
semester, the student is given a brief view of the whole 
so that the narrower topics will be recognized in their 
true dimensions. The second consideration in selec- 
tion is the currency or timeliness of certain aspects of 
public health due to world and local conditions at the 
time the study is being made. The third consideration 
in selecting topics is, of course, the individual contribu- 
tions of the fields concerned and the objectives of the 
course for developing ability in research and dis- 
cussion. 

A short introductory study of the scope of the term, 
“public health,”’ is made to give a working knowledge 
of its ramifications and to preserve a balance so neces- 
sary where only limited aspects may later be studied 
in detail. The administration of public health through 
federal, state, and local agencies is investigated to 
familiarize the students with the organization and 


3 SIsTER M. XaveriA, Journal of Higher Education (in press. 
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duties of such units. A very important question from 
the point of view of health education is a correct con- 
cept of the right of the state and the individual. A 
spirit of cooperation is fostered when the right of the 
state to quarantine, to require premarital examinations, 
etc., is established. The spirit of democracy is pre- 
served in an understanding of the rights of individuals 
in questions concerning sterilization, eugenics, euthan- 
asia, and the like. Epidemiology and community 
problems connected with physical and mental disease 
also get consideration. 

During the past semester we introduced special 
seminars on the problems of civilian health in wartime. 
In considering civilian health, we emphasize the 
dangers of malnutrition. The morale-public health 
relationship is studied. The special health problems 
in connection with our Latin American neighbors get 
attention. A consideration of the shift of medical 
personnel from civilian centers to the armed forces, 
by enlistment or by possible draft, supplies an added 
realization of the personal responsibility of being 
informed and of disseminating information on matters 
of health. The ounce of prevention is more important 
when viewed in this light. Civilian mental health as 
affected by war propaganda via radio or printed page, 
and the critical problem of the mental health of war 
children came in for their share of attention. Another 
seminar is devoted to England’s experience in physical 
and mental health matters relative to evacuation and 
war shelter arrangements, mass feeding experience, 
and the special effect of family separations on children. 

Industry in normal times raises the question of a 
health program in every plant, government regulation 
of health and safety devices, workman’s compensation, 
and special protection of workers. The seminar next 
studies industry in the emergency, as affected by sud- 
den expansion, increased labor of women and of the 
less fit. The industrial emergency has reached into 
the home and has unfortunately increased the per- 
centage of working mothers whose children must be 
cared for. 

Another timely subject is socialized, state, and group 
medicine considered from the political, social, and 
economic points of view. The war will be over. 
When it is over what will we do to care for increased 
mental illness of civilians and of service men? The 
emotional maladjustment of children reared during 
the war period? The dangers to health resulting from 
post-war poverty? The care of the physically in- 
capacitated? Other nations in their health needs? 

This is a sketch of the general trend of topics used in 
our seminar study of public health. The specific 
topics on wartime problems have been introduced this 
year, giving the course a definite “Education for 
Victory” emphasis. In previous years we have given 
more attention to sanitation, drug addiction, and 
particular diseases. 

Chemistry enters the picture at many points: 
chemotherapy, sanitation, immunochemistry, chem- 
istry of drugs and drug addiction, biochemistry, 
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nutrition, water purification, etc. The biological and 
sociological aspects are just as evident. This type 
of study fosters a respect for the accomplishments of 
others, an appreciation of their problems, and the 
satisfaction that one’s own particular work has a uni- 
versal application. I believe that by this process 
chemists will be more intensely chemists, but above all 
will be whole human persons rather than isolated 
entities in a welter of flasks and tubes. 

In the semester following the study of public health 
the chemistry department joins with biology, mathe- 
matics, and history to investigate ‘‘the contribution of 
science and mathematics to the stream of world knowl- 
edge and the influence of these contributions on world 
history.”? Here we have an excellent opportunity to 
review the history of chemistry in parallel with the 
history of science in general. Since impacts of scienti- 
fic developments on man socially, economically, and 
politically are too fundamental to be covered com- 
pletely in a single semester, we detail those portions 
best suited to our needs. Briefly, chemistry con- 
tributes to world development through the chemical 
industries which bring in their train the problems of raw 
materials, trade, monopolies, patents, and many others; 
through products of these industries in the provision 
of all material items which go to raise our standards of 
living from necessities through luxuries and, must we 
say, in the provision of the materials of war which make 
for death and destruction of the civilization we cherish; 
through the field of medicine where chemistry has made 
indispensable contributions to healthier, happier, 
longer life; through its relationship to all other sciences 
in their effect on philosophies of life which have led to 
unlimited influences in the formation of political states. 
In the present semester we are considering these prob- 
lems against the background of the post-war recon- 
struction. Our students will be among the rebuilders 
of world civilization when the war is won. They will 
have learned to some little degree how the past has 
undergone changes imperceptible to the people of the 
time but none the less molded by the contributions of 
the time. The recognition of the seriousness of the 
responsibility of the reconstructors will be theirs. 
Their work in their chosen fields of science will be in- 
spired by this knowledge. Great things have been 
accomplished through far-sighted vision. 

The third semester of the cycle finds the students of 
economics, journalism, biology, and chemistry in- 
vestigating the rapidly expanding and tremendously 
important field of chemurgy. The biologists pool their 
knowledge of the factors controlling the agricultural 
production of the raw materials; the chemists con- 
tribute the explanation of chemical processing and 
syntheses in the industries utilizing the agricultural 
raw materials; the economists explain the effect of 
this new science on world markets, raw material dis- 
tribution, economic stability, consumption, production, 
etc.; and finally the journalists do that very human 
thing of showing how ‘“‘to educate the public’ to new 
products—not substitutes! Is it necessary to itemize 
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chemistry’s contribution to the production of plastics, 
textiles, rubber, paints? Do not misunderstand me. 
We do‘not attempt to brandish complicated chemical 
formulas and equations for the benefit of our defense- 
less economists and journalists, but we do attempt to 
have the chemistry students familiar with the technical 
literature (to the extent possible for undergraduates) 
so that facts will be accurate and explanations can be 
made in a fairly nontechnical manner. In this course 
as in all the other seminars the chemists are learning 
too, since there is an exchange of information on facts 
and method among all the major fields involved. 

The fourth and last seminar in the two-year cycle 
finds the science and mathematics departments by 
themselves with the problem of the relationship of 
science to religion and philosophy. At Marygrove, all 
students are required to take sixteen hours of phi- 
losophy in junior and senior years. All Catholic stu- 
dents take one hour of religion per semester throughout 
the four-year course. I believe that, for many reasons, 
you will not question the need for a course such as 
this in a collegiate institution. Religion and science 
are not antagonistic; there is no conflict between them. 
This statement is true, though it is contrary to much 
that is printed and much that is said. This is not the 
place to prove the truth of the statement; I place it 
merely as one of the reasons why it is necessary for 
students to study the proof for it, so that they them- 
selves may know the point and do what they can to 
remedy much misunderstanding and misinterpretation 
that has grown up around the phrase “the Church 
and Science.”” The study of the influence of science 
on philosophical systems is fascinating. To mention 
determinism, cause and effect, evolution, origin of 


JOURNAL OF CHEMICAL EDUCATION 


life, is to mention only a few of the terms that at once 
evoke concepts involving both science and philosophy. 
Again the attempt in this course is to lay down prin- 
ciples which govern judgments in these matters. Some 
of the science and a considerable part of the philosophy 
are beyond the complete understanding of under- 
graduate students, but foundations are laid on the 
basis of which, in more mature periods, they may 
evaluate more complex problems. Students leave the 
course with a security of faith in God and in science. 

With the conclusion of this course the four-semester 
cycle begins again. Perhaps this has been a tiresome 
enumeration of aims and accomplishments, but I hope 
that I have presented to you a rather clear picture of 
the application of an educator’s ideal to a department 
which is so frequently treated as a difficult but fascinat- 
ing field all in itself—a field that has given much to 
mankind in general but is supposed to be known only 
to the “‘scientifically inclined.” 

Majors in chemistry perhaps more than in any other 
subject, excepting physics and mathematics, need the 
humanizing influence of other fields of knowledge. 
They also need the stimulus given by an appreciation 
of their place in the whole picture of the world endeavor 
in contrast to the far too frequent and disastrous 
isolationist attitude adopted by scientists toward 
nonscientists. I do not argue against specialization. 
Specialization is necessary but is safe and balanced 
against this integrated background. Mutual sym- 
pathy and understanding are among the greatest boons 
of man’s social nature. This attitude is essential in 
war but above all in peace. Therefore, the particular 
training in integration afforded in our liberal arts 
college makes for better citizens and better chemists. 





WHY FOOD IS SCARCE 


1. Production failures attributable to adverse weather, short- 
ages of equipment, and shortages of manpower. 

2. Distribution failures due to inadequate storage or trans- 
portation facilities. 

8. Artificially created shortages resulting from uncompen- 
sated actions of the regulations authorities. 

4. Actual loss of food due to enemy action. 

5. Increased demand due to higher purchasing capacity of 
low income groups. 

6. Suspension of buying “‘brakes’’ normally supplied by the 
free operation of the laws of supply and demand. 

7. Increased nutritional needs of military and war workers. 

8. The requirements of Lend-Lease. 

9. Civilian hoarding within the structure of the rationing 
system. 

10. Speculative hoarding by producers and dealers in antici- 
pation of higher prices. 

11. Government hoarding in anticipation of indeterminate 
future needs. 

12. Overlap and waste in military purchase and usage. 


* * * 


These influences add up to a positive picture. The answer is to 
produce more food and to hurry, hurry... . 
—Food Materials and Equipment, May 29, 1943. 


@ The extremely nutritive soybean, whose strong flavor 
has kept it from becoming a food favorite, is now being 
cooked in such a manner as to give it an extremely 
palatable taste while preserving its high food value. 
Soybean flour made by this process can be used by it- 
self; 2. e., does not have to be mixed with other flours, 
as was formerly done. Soybean ‘‘nut meats’’ so proc- 
essed are delicious as a meat extender in meat loaf, etc. 


@ The liver of one soup fin shark contains enough vita- 
min A to amply supply the needs of one person from 
birth to the age of 84. 


~@ Variance in vitamin A content of each shark liver is 


due to several factors—grounds where the sharks have 
been feeding, grounds where they are caught, the season 
of the year. Also, male sharks have a much higher 
vitamin content than female. 
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HIGH-SCHOOL CHEMISTRY 


naphic Story of Petroleum 





THE seismograph aids in oil discovery. Small 
dynamite charges are placed, as shown in the 
illustration, and exploded. The sound wave 
travels down and is reflected back by under- 
ground rock formations. The record, picked up 
by a sensitive seismograph, may reveal the pres- 
ence of formations favorable to oil discovery. 





THIS general principle has been widely used in 
geological research. Chemical methods of “‘oil 
prospecting”’ have also been developed, generally 
depending upon the analysis of the small traces 
of hydrocarbon gases which leak out into the 
surrounding soil and can lead one to the oil 
deposit. ‘‘Wild-catting”’ has given place to scien- 
tific methods which reduce very considerably the 
uncertainty which has long existed in oil explora- 
tion. 
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EXPLORATION 


FROM outcroppings such as this the 
geologist plots the underground struc- 
ture of an entire region, and thus gains 
information indicating the probability 
of structures favorable to oil deposits. 
He is no longer wholly dependent upon 
surface geology, however; with suitable 
instruments he can detect possible oil 
pools thousands of feet below the 
surface. 


SEISMOGRAPHIC search for oil is carried on 
at sea as well as on land. Here members of a 
seismograph crew are working in the Gulf of 
Mexico, where potential oil-producing struc- 
tures have been found under water as far as 
50 miles off shore. 
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DRILLING 


MODERN oil well drilling requires rugged, scien- 
tifically designed machinery and precision opera- 
tion. In the picture, reading from top to bottom, 
are the “‘traveling block’? which supports the mas- 
sive rotary drilling assembly, the “‘swivel,”’ and the 
‘‘elevators.”’ The latter are attached to a unit in 
the rotary table. Standing in the derrick alongside 
the assembly are the lengths of drill pipe which are 
inserted into the well, joint by joint, the lowest 
being attached to the drill bit. As the rotary table 
operates, its motion is imparted to the string of 
pipe and the bit bites and crunches its way to new 
stores of petroleum as far as 15,000 feet below the 
surface. 


JOURNAL OF CHEMICAL EDUCATION 




















INSERTING a “knuckle joint” into the well®hole to 
Directional drilling repre- 
sents a technological advance which will add im- 
measurably to the recovery of the nation’s oil reserves. 
Frequently some geological or engineering factor pre- 
vents tapping an oil reservoir by vertical drilling. 
Directional drilling allows a detour to be made around 
an obstacle, also makes possible the drilling of several 
wells from one surface location. 


begin directional drilling. 


THIS IS rotary drilling mud flowing into the mud- 
pit at an oil well. This special type of mud, de- 
veloped by petroleum engineers and chemists, is 
pumped into a drilling well to clear the cuttings 
from the drill bit, and then is forced up the outside 
of the drill pipe to seal the walls of the hole, prevent 
caving, and maintain gas pressure. 
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A ‘“‘Christmas Tree,’’ one of many 
devices to control the flow-pressure 
of oil and gas as they come from the 
well, eliminating the spectacular but 
dangerous and wasteful “‘gusher.”’ 





TRANSPORTATION is presently one 
of the principal problems of the 
petroleum industry. Pipe lines serve 
a large portion of the country. Tank 
cars are insufficient and experiments 
are under way to supplement them 
by fitting other types of cars with 
temporary oil containers. In normal 
times transportation by water, in 
tankers such as the one shown here, 
is one of the cheapest and most con- 
venient means—but now the most 
dangerous. 
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PRODUCTION 


GENERAL view of a typical oil field, showing 
use of both wooden and steel derricks, field 
storage tanks, equipment warehouses, and 
pipe yards. 


OIL WELLS are sometimes drilled in the 
ocean. Discovery of oil pools beneath the 
water has added greatly to the nation’s 
petroleum reserves, opened additional hori- 
zons for exploration. 
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REFINING 


TO THE layman a petroleum refinery is a con- 
fusing maze of pipes, stills, towers, and steel 
frames. These seem to be unfinished buildings, 
but they are complete and operating night and 
day. Petroleum is a mixture of a very large 
number of liquids of varying volatility (‘“‘hydro- 
carbons,”’ or compounds of carbon and hydrogen). 
Some of these are so light and volatile that they 
are gaseous at ordinary temperatures. Refining 
consists, first, of the removal of other impurities 
(principally compounds of sulfur, nitrogen, etc.), 
and second, the ‘“‘fractionation’’ of the hydro- 
carbon mixture into portions of different vola- 
tility and density. The petroleum is boiled or 
vaporized in a still, and the vapors condensed in 
a “‘fractionating tower.’’ The lightest, most 
volatile portions go up to the top of the tower 
before they condense, where the temperature is 
lowest; the heavier, less volatile portions con- 
dense lower down in the tower where the tem- 
perature is higher. The condensed liquids are 
tapped off from the tower at different levels, later 
to compose various products, such as gasoline, 
kerosene, fuel oil, etc. 

When the heavier portions of the mixture are 
heated, under pressure, to higher temperatures 
in specially constructed ‘‘cracking”’ stills, they 
decompose chemically into lighter liquids and 
gases, which are further fractionated into more 
gasoline, or—because of their greater chemical 
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reactivity—made into many other products, such 
as alcohols, TNT, or synthetic rubber. Refineries 
vary in their daily capacity from 1000 to 100,000 
barrels, the total for the 500 refineries in the 
United States being more than 4,500,000 barrels 
daily. 
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REFINING 


THE lighter gases which evaporate from the 
petroleum are captured and absorbed in oil and 
in towers such as the one illustrated here. The 
absorption oil is then refined, or fractionated like 
the original petroleum. This process, along with 
the cracking process, even more important, is the 
reason why we have not long since exhausted our 
supplies of gasoline. Originally, gasoline was 
made by the straight distillation of the crude oil, 
which yields only a small fraction of suitable 
motor fuel. Now such “‘straight run’’ gasoline 
is mixed with the products from the absorption 
towers and cracking stills to make gasolines of 
varying properties. 





ROUTINE products are tested in laboratories as 
shown here, and new products developed to meet 
special needs. Approximately $12,000,000 is spent 
annually on research by the American petroleum 
industry. At one time, coal was the raw source 
of most of our synthetic organic materials, such 
as dyes, drugs, pharmaceuticals, special chemi- 
cals, etc. More recent research has taught us 
how to use petroleum in the making of many of 
these same things. The uses of petroleum are 
no longer limited to fuels and lubricants, as was 
practically the case until lately. 









STORAGE 


LIQUEFIED petroleum gases, such as butane 
and pentane, and high-test gasolines, are stored 
in spheroidal tanks whose shape is designed to 
withstand the high pressure. Other products, 
such as ordinary gasoline, fuel and lubricating 
oil, etc., are stored in the more common. cylin- 
drical tanks. 





Courtesy of American Petroleum Industries; American Petroleum Institute; 
Allantic, Roulands, Free-Lance Photographers’ Guild; Snider-Triangle; 
LaTour; Block. 





Out of the Editors Rashet 


ADAR, the recently disclosed “‘sixth sense’’ weapon 

for the United Nations’ fighting men, is among 

the wartime electronic devices which will safeguard 
civilian life in peacetime. 

Radar tracks down enemy plane positions with the 
speed of light—186,000 miles a second— by means of 
invisible beams of radio short waves which pierce fog, 
rain, and darkness and rebound earthward to be picked 
up by a Radar receiver. The same principle could be 
used to detect obstacles in the path of airplanes, and 
ships, thus preventing crashes. 

It is also now predicted that the developments in 
high frequency radiation, which led up to this, will be 
used after the war in peacetime industry. Uses have 
already been found for it in food preservation, fire de- 
tection, and automatic control of machinery. 


e@ Lithium compounds are becoming so scarce that 
they have been denied to civilian use. They are widely 
used in the manufacture of war equipment. 


e Methyl isobutyl ketone, also known as “‘hexone,”’ 
is another chemical which has lately been put under 
allocation. This substance is both a denaturant for 
alcohol and a substitute for butyl alcohol as a lacquer 
solvent. A shortage of butyl alcohol has cut down on 
the availability of methyl isobutyl ketone for denatur- 
ing alcohol. During the next antifreeze season it is 
estimated that over half a million gallons of the ketone’ 
will be required to denature a little more than half of the 
42,000,000 gallons of ethyl alcohol to be allocated for 
antifreeze purposes; other denaturants will have to 
be used for the balance. 


e@ Relaxing certain of its restrictions on the allocation 
and use of synthetic rubber, and at the same time 
tightening its control over the nation’s dwindling stock 
of crude rubber, the Office of Rubber Director has is- 
sued a new comprehensive order designed to clarify 
and supersede nine previous ones. 


e A recent publication, “Synthetic Rubber,” Informa- 
tion Circular No. 7242, of the Bureau of Mines (De- 
partment of the Interior, Washington, D. C.), is an 
up-to-date ‘‘who’s who’”’ in this production field, listing 
the various types of synthetic rubber, their manufac- 
turers, methods employed, characteristics of the fin- 
ished products, and other descriptive information. 


@ Bath tubs are among the necessities of living that 
fall under a high priority rating. In other words, the 
usual metal and porcelain tubs are practically unavail- 
able. The Pittsburgh Plate Glass Company has of- 
fered something new in a combination shower and bath 
tub, composed of five sheets of Carrara plate glass, 
with a flat bottom drilled for drain fitting and foot-high 
side walls. Although it was developed primarily for 


use in low-cost houses intended for war homes, the re- 
sults have been so pleasing in appearance and utility 
that a promising future, even after the war, is foreseen. 


@ So many men have lately been spending involun- 
tary holidays on the sea—in lifeboats or on rafts—that 
several efforts have been made to develop means of 
rendering sea water sufficiently salt-free to be potable. 
It may be remembered that this is one of the problems 
that Aristotle, in his day, outlined and left to posterity. 
Solutions run all the way from a high-powered compres- 
sor refrigerator which freezes the water out of the salt, 
to a process in which secret chemicals precipitate the 
salt out of the water. In the former case very bulky 
apparatus is involved, while in the latter the details 
of the chemical reactions have not been revealed, but 
the result seems to be practical. 


e An editorial in the June number of the Journal of 
Higher Education calls attention to an article by Dean 
Seashore, ‘“‘The sunny side of graduate work for the 
duration,’’ published in the same issue, which 

“not only presents an optimistic view of the influence of the war 
upon graduate study, but poses a problem for graduate schools. 
The main point of the article is that since graduate work means 
creating and acquiring knowledge and learning to use knowledge 
in the solution of problems of living, a great many professors and 
students who have left graduate school for war work are having 
experiences far more fruitful than they would have had if they 
had remained on campus. This point is especially important in 
view of the fact that research carried out in connection with the 
war is likely to influence life profoundly after the war. Hence, in 
many cases, war research will be particularly valuable as train- 
ing for postwar scholarly and professional activity.” 


e Armed with a vacuum tube “machine gun’”’ that 
shoots billions of electronic bullets a second, Dr. Earl 
A. Gulbransen of the Westinghouse Research Labora- 
tories is investigating the atomic structure of coatings 
that form on steel, aluminum, and copper when these 
metals are exposed to air or corrosive chemicals. 

Dr. Gulbransen’s work with an electronic diffraction 
camera is pointing the way toward longer-wearing bear- 
ings and cylinders for airplane and automobile engines, 
better tin plate in which the tin will cling more tightly 
to the steel underneath, and cheaper methods of making 
stainless steel. 

Electrons are shot through the three-foot-long vac- 
uum tube and bounced off a highly polished button of 
aluminum or steel on which an oxide coating is being 
built. The electrons ricochet off the faces of the block- 
like molecules that form the coating and continue 
downward at an angle to strike a strip of photographic 
film. The electrons trace a pattern of black and white 
semicircles that appear when the strip is removed from 
the camera and developed. This design is formed by 
the electrons bouncing off the different faces of the 
molecules in the coating. 
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e According to a bulletin by the Ansul Chemical Com- 
pany of Marinette, Wisconsin, SO: has come into use 
quite extensively to prevent the ignition of magnesium 
and its alloys during casting and heat treating. When 
SO, is present in low concentrations, ignition of mag- 
nesium is inhibited, and according to recently reported 
tests this action may be attributed to the formation ofa 
protective surface film. 

The gas can be piped directly to fixed molds where it 
is used to displace air in the mold and prevent ignition 
of the molten metal when it is poured. In indirectly 
heated heat-treating ovens, a low concentration of sulfur 
dioxide is usually maintained to prevent fires. If a fire 
should accidentally get started in an oven, sulfur di- 
oxide can sometimes be used to extinguish it, provided 
it is applied at an early stage of the fire. 


e@ H. Raworth Walker, Jr., of Mars Hill College, sent 
us recently a description of a “simplified conductivity 
apparatus” which is shown in the accompanying illus- 
tration. It has some features which we have not seen 
before in apparatus for this purpose. As may be seen, 
it consists of a large number of one-ounce bottles ar- 
ranged in rows in a frame or box, one slightly above the 
preceding. A different solution is in each bottle and 
the two-hole stoppers carry electrodes of carbon or iron 
(carbon in most cases because of its inertness, but iron 
in case of a volatile organic solvent:which will slowly 
diffuse through the porous carbon). Contact is made 
by means of a pair of portable electrodes in series with 
a 300-watt lamp. As in nearly every modification of 
this apparatus, the brightness of the light indicates the 
relative couductivity. Bottles are ‘‘staggered”’ in suc- 
cessive rows to facilitate reading the labels. 














FIGURE 1.—PHOTOGRAPH OF THE SIMPLIFIED CONDUCTIVITY APPARATUS 
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e@ As there is negligible deterioration to antifreeze 
during the storage period, the addition of “inhibitors’’ 
to stored solutions at the start of the fall season has 
been approved by technical consultants of the Conser- 
vation Division, WPB. 

The program, designed to conserve antifreeze for 
next year, has received widespread cooperation from 
civilian motorists, but present supplies of various in- 
hibitors have been inadequate to meet newly created 
large scale demands. However, assurance has been 
given to the War Production Board by industry that a 
sufficient supply will be available in a few months at 
service stations and garages throughout the nation. 
Although the delay in the addition of the inhibitor to 
the stored antifreeze will not adversely affect the 
solution, motorists are cautioned against replacing un- 
inhibited solutions of antifreeze in automobile radia- 
tors. 

Equally effective in both alcohol and permanent 
types of antifreeze, the inhibitor checks deterioration 
and keeps the solution from becoming acid. Proper 
storage and checkups are essential to obtain the best 
results from this conservation measure. 


e@ The importance of protecting war equipment against 
shipping and storage damage is indicated by the fact 
that aircraft engines are sealed in bags of a transparent 
plastic film impervious to moisture. In addition, bags 
of a dehydrating agent attached to the cylinders main- 
tain the relative humidity within the non-corrosion 
range. An interesting device is the indicator card, vis- 
ible through a hole in the packing box, which changes 
color when the humidity nears the danger point. 
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@ The Emergency Rubber Project under the United 
States Forest Service now is using about 20 acres of 
government-owned land on the Klamath project for 
the production of the Russian dandelion, kok-saghyz. 

The main objective of this year’s planting of kok- 
saghyz is to secure seed, although a small portion of the 
crop may be harvested and subjected to experimental 
processing for the extraction of rubber. The experiment 
on the Klamath development is a continuation of tests 
started in this country last summer with a shipment of 
seed received direct from Russia by plane. The Soviet 
Union is reported to have planted about 2,000,000 acres 
of kok-saghyz for rubber in 1942. 

Last year a trial plot of about 2000 square feet of 
Russian dandelion on the Experimental Farm of the 
Klamath project produced at the rate of 50 pounds of 
rubber per acre. The advantage of this plant over 
other rubber-producing plants is that it can be har- 
vested and processed in a single year. The Russian 
dandelion is similar to the American variety except its 
rubber content, found in the tubes of the roots, has 
been increased through breeding and selection. It is 
less hardy than the American variety, requiring inten- 
sive culture. 


@ The government needs more quartz crystals. And 
so the WPB has sent out a call to all citizens who may 
own property on which such material may be located, 
or who know where any can be found, to get in touch 
with the Miscellaneous Minerals Division, War Produc- 
tion Board, Temporary “R’”’ Building, Washington, 
D. C. If samples can be provided at the same time, 
they will be welcome. There should be several samples 
of the best crystals obtainable from the location. 

These crystals are needed for the manufacture of 
quartz oscillator plates used in radio equipment for the 
armed forces. At present practically all of the quartz 
used for this purpose comes from Brazil. 

The Miscellaneous Minerals Division wants only 
separate individual crystals—clusters, groups, or 
grainy masses won’t do. And each crystal must weigh 
at least half a pound, be at least an inch thick and three 
inches long. It must be clear and colorless on the inside, 
although light smoky quartz can be used. But milky 
quartz, rose quartz, and purple quartz (amethyst) are 
useless. 


e@ Air conditioning is playing a big part in insuring 
consistent performance of bombs and shells in actual 
combat, according to engineers of the Westinghouse 
Electric and Manufacturing Company. 

In rooms where powder is being loaded into the 
death-dealing projectiles it is extremely important that 
atmospheric conditions be carefully and consistently 
controlled. The burning rate of the powder varies 
considerably if the relative humidity of the loading 
rooms is subject to wide variation. It is also impor- 
tant, especially in winter months, to keep relative hu- 
midity at a constant level, sufficiently high, to reduce 
the danger of explosions from static discharges. 
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‘e It is reported that the British Colonial Development 
Board has granted twenty five thousand pounds for the 
establishment of a plant in Jamaica to produce 2000 
tons a year of the yeast, Tortula utilis, a food yeast 
closely related to the more common brewers’ yeast. 
The important significance of this is its provision of a 
valuable source of protein which is not only compar- 
able in quality to the animal proteins, but is also a fruit- 
ful source of vitamins of the B complex. It is expected 
that after the war it will become important in the mak- 
ing of human diet supplements and animal foodstuffs. 


@ Powder charges electronically checked for ballistic 
factors are now figuring in the surpassing accuracy of 
our artillery fire on many fronts. Such checkup of 
each production run of powder is eliminating erstwhile 
errors in fire-control calculations caused by variations 
in the powder charges propelling the shells. Thus 
greater precision is possible in setting up intricate 
ballistic formulas. And this newly gained precision, 
coupled with the splendid training of American gun 
crews, is causing further discomfort and consternation 
for our enemies. 

A powder sample is exploded in a strong sealed con- 
tainer. Electric voltages derived from that confined 
explosion are applied to the horizontal and vertical 
plate pairs of a cathode-ray tube through suitable ampli- 
fiers. This simultaneous deflection in perpendicular 
directions causes the beam to move in a path which 
plots a graph on a fluorescent screen of an oscillograph. 
The oscillogram is photographically recorded and later 
analyzed. 


@ The present shortage of gasoline for civilians on the 
Atlantic Seaboard has a definite, although not a direct, 
relation to the unprecedented and unpredictable over- 
seas demands of the armed forces for petroleum prod- 
ucts, the Office of War Information has pointed out, 
in translating War Department figures on military 
petroleum requirements into terms of civilian gas ra- 
tions. 

In the 15 days that Maj. Gen. James Doolittle and 
his 12th Air Force Command fought in the skies above 
Tunisia, their planes used up enough gasoline to empty 
every tank in every city and village in every state in 
the Northeast coastal shortage area; and to keep them 
empty for more than a month. 

Every day that Gen. Doolittle and his men went up 
over the Mediterranean, their planes consumed 1,100,- 
000 gallons of gasoline. This was high-octane aviation 
gasoline, which is not the kind used for the automobile. 

But the present shortage, as the Petroleum Ad- 
ministration for War makes plain, is not a shortage in 
supply of product, but in supply of transportation 
facilities for the product. These different petroleum 
products, in the main, use the same or equivalent 
transportation facilities. 

Every gas tank in Baltimore would be bone dry for 
24 hours if the city were to guarantee the gasoline to 
enable 300 Liberator bombers to fly from a British 
base, bomb Berlin, and come home again. 


























Problems of the Scientific Literature Survey 


GUSTAV EGLOFF, MARY ALEXANDER, and PRUDENCE VAN ARSDELL 
Universal Oil Products Company, Chicago, Illinois 


ESEARCHES required for the war effort have 

intensified a problem that has been current since 
chemistry became a science—that of preparing a com- 
plete background of the literature available before 
proceeding with experimental work. The problems 
of a literature survey have not received the attention 
they deserve. Many chemists meet their first research 
problem with inadequate preparation for conducting 
literature searches in a reasonable length of time. 
Some are not even acquainted with the titles of the 
more prominent journals in their own language. For 
these people, the attitude has been one of finishing a 
minimum amount of library work in order to proceed 
to the laboratory part of the problem. Much valuable 
time has been wasted duplicating studies that have 
already been published. Had a complete search of the 
literature been made, the time lost could have been 
more profitably spent in pursuing a new line of re- 
search. In addition to avoiding laboratory duplica- 
tion, the review of related work may bring forth many 
profitable ideas. 

In a literature survey of any dimension, a tentative 
method of its organization is mapped out. However, 
many changes and refinements take place as experi- 
ence is gained in the studies and collection of material. 
In laying a foundation for such a research, it is desirable 
to confine the preliminaries to the standard sources 
such as: Chemical Abstracts (1), Chemisches Zentral- 
blatt (2), and the British Chemical Abstracts (3). To 
assure more thoroughness, Beilstein (4), Richter- 
Anschutz (5), Landolt-Bérnstein Tabellen (6), and the 
“International Critical Tables’ (7) should be con- 
sulted for organic chemistry and the standard inor- 
ganic reference sources for inorganic chemistry. How- 
ever complete and accurate the secondary sources just 
mentioned may seem, only the original articles to which 
they refer should be used. This is no adverse re- 
flection on these secondary sources, because for many 
purposes they are excellent and quite sufficient, but due 
to the volume of material that must be covered, 
omissions and errors inadvertently creep into these ab- 
stracts. There is also a tendency for an abstractor 
to do some editing of the work in line with the type of 
study in which he is interested, to round off figures in 
physical constants, and to draw conclusions not in- 
tended by the author of the original article. In 
Beilstein, the editors have taken the liberty of assign- 
ing definite structures to compounds for which no 
structure was so much as implied by the experimenter 





1 Presented at the 105th meeting of the American Chemical 
Society in Detroit, Michigan, April 12, 1948, before the Division 
of Chemical Education. 
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himself. For example, in Volume V, page 650, 
4-isopropyl-stilbene is attributed to Michael (Am. 
Chem. J., 1, 312 (1879)) who records it simply as iso- 
propyl-stilbene. Another example is the compound 
assigned the structure of $-phenylnaphthalene and 
attributed to Breuer and Zincke (Ber., 11, 1403-7 
(1879)) who gave no account of its structure. In rare 
instances, the originals are not available, hence it is 
desirable to give the abstract data. In such cases, it is 
necessary to specify that the material has been taken 
from a secondary source so that the data will be con- 
sidered with mental reservations. 

In order to illustrate these general statements which 
are applicable to all surveys, we will cite various ex- 
amples found in conducting the literature surveys for 
the compilation of reliable work on physical constants 
and chemical reactions of hydrocarbons. These studies 
are a part of the Universal Oil Products Company’s 
program for the exhaustive studies of hydrocarbons. 
The aims are set forth as follows: 

1. To eliminate duplicated effort resulting from 
each worker in hydrocarbon research having to consult 
several original references in order to identify his 
compounds. 

2. To correlate the best statistical data into one 
value at standard conditions of temperature and 
pressure. 

3. To make available a complete search for labora- 
tory workers who are hampered by lack of adequate 
library facilities, lack of time, lack of training, and 
general disinclination. ‘ 

4. To develop a means of mathematical prediction 
of the theoretical physical constants of missing iso- 
meric hydrocarbons of any homologous series, through 
the compilation of a complete set of the available con- 
stants for any series. Evaluation of types of sub- 
stitutions on either aliphatic, alicyclic, or aromatic 
groups could be made and fundamental differences be- 
tween these groups could be checked. 

With these ideas in mind, the work gained consider- 
able momentum, not to mention many complications. 
The first problems encountered in such an undertaking 
were in the location of the material on hydrocarbons, 
since a page by page perusal of all journals was not 
practical. A fairly complete coverage of references is 
found collectively in Beilstein up to 1910, Chemisches 
Zentralblatt from 1900 to 1939, and Chemical Abstracts 
from 1920 to the present; nevertheless, Beilstein 
Supplements I and V, Chemical Abstracts from 1907 to 
1920, and the Landolt-Bornstein Tabellen contained a 
sufficient number of additional references to warrant 
coverage. Our method of coverage included a check 








594 


of Beilstein Volumes I and V and Supplements I and V 
and indexes df Chemisches Zentralblatt from 1900 to 
1939, as well as Chemical Abstracts indexes from the 
beginning through 1941. The 1942 abstracts were 
covered in a page by page inspection of sections: Gen- 
eral and Physical Chemistry; Organic; Fuels and 
Carbonization Products; and Petroleum, Lubricants, 
and Asphalts. Landolt-Bornstein was checked by 
page inspection. References given to related work in 
original publications were checked, but these were often 
highly inaccurate both as to their bibliography 
reference and quotations. Review articles could 
not be depended upon for completeness; these, how- 
ever, were always checked for references and data 
quotations. All these references were organized alpha- 
betically with two sets of cards for each reference. 
The first set were 6 X 9 in. cards, to contain all the 
data from the originals, and the second set, containing 
author’s name and reference, were made on 3 X 5 in. 
cards and were used as a permanent bibliography 
index. 

The earlier literature, bearing a publication date 
prior to 1910, contains much data which was good for 
that time, but improved instruments for measurement, 
later knowledge, and better technique of purification 
discredits somewhat the numerical values reported. 
These carefully determined earlier figures were valuable 
in setting up a comparative background for laws, 
equations, and generalizations, but for our purposes in 
setting up the best numerical values, they are generally 
of little consequence, although some of the data are 
surprisingly accurate. The accuracy of a given physi- 
cal constant is not necessarily proved because it ap- 
pears many more times than another value. Generally 
the repetition occurred as the result of a number of 
authors performing a routine identification and check- 
ing their values by what is present in the literature; 
consequently these values are placed again in the 
literature as new determinations. These authors are 
not to be censured for this procedure since they were 
probably interested in other problems than determina- 
tion of physical constants. 

The most desirable type of physical constants data 
is not plentiful in the literature. This is to be ex- 
pected since most constants were not published with 
the idea of using them in a publication of the nature of 
these volumes on ‘Physical Constants.” Accuracy 
is definitely related to the type of research for which 
the numerical values were determined. Some deter- 
minations have been carried out with extreme pre- 
cision to find the best value of the constant. The data 
from some physical-chemical research, for which es- 
pecially purified compounds, carefully calibrated ap- 
paratus, and exact determinations are necessary, are 
of excellent character. In some cases the data given 
for a newly discovered compound have a high degree of 
accuracy. Constants for the purpose of identification 
are often worth recording, but much of this work is 
poor, due to the fact that the experimenter made one 
or two derivatives of the compound, and if these 
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checked within a few degrees of the “‘accepted’’ physi- 
cal constant values the identification was considered 
sufficient. When the constant is given as a criterion 
of purity it is seldom good enough to be recorded. The 
constants published on narrow boiling fractions of 
petroleum are rarely of any value and are automatically 
excluded. 

Many problems arise because of the author’s lack of 
clarity on certain points. Often it is questionable 
whether the constant is of the compound itself or of a 
derivative. In the following statement it is implied 
that 116° is the melting point of the derivative—which 
it is—but it is literally stated that the melting point is 
of the hydrocarbon: “From the fraction 235-245° 
picric acid precipitated a picrate of a deeper yellow 
color; after repeated crystallization from alcohol it 
melted at 116°, the correct melting point for a-methyl- 
naphthalene”’ (8). 

When a compound of definite structure, such as 
1,2-dimethylnaphthalene is discussed, and after a long 
discourse on preparation a melting point may be given 
for dimethylnaphthalene, the reader is at a loss to know 
whether the constant is of a compound identified as the 
1,2-structure or merely a dimethyl compound. 

A paragraph may be headed with the name of some 
compound, as “diphenylfulvene”’ in the following, but 
on reading the paragraph one is confused as to whether 
the title is a starting material or product. ‘‘Diphenyl- 
fulvene. In order to compare the properties of our 
dicyclic fulvenes with those of the open chained 
analogs, we added maleic anhydride to diphenylfulvene. 
Our product, like that obtained by Diels and Alder, 
melted at 168°. Its solutions in ethyl acetate, in 
glacial acetic acid we found a molecular weight of 180 
instead of 328 calculated for the undissociated com- 
pound. In benzene the molecular weight was, at the 
outset, almost normal—305 instead of 328—but it fell 
off with time and after ten days was found to be 
183” (9). 

Authors frequently use two or more systems of 
nomenclature quite indiscriminately. Much confusion 
as to terms is found in the literature and proves to be 
misleading unless one is particularly well acquainted 
with the subject at hand. For example, on one page 
the name a,§-di-(9-phenanthryl)-butane appears in 
the first paragraph and 1,4-di-(9-phenanthryl)-butane 
in the last paragraph (10). Even though the reader 
may recognize these as the same, his trend of thought 
is interrupted since he must pause to verify his con- 
clusion. In the next example, the use of two names 
for one compound in the same paragraph is quite in- 
excusable. Such statements as the following imply 
two different compounds, and unless the reader is well 
acquainted with the structure of dehydrocadalene, he 
probably continues reading with an erroneous con- 
ception of the facts. ‘‘On cooling, the picrate of 1,6- 
dimethyl-4-isopropenylnaphthalene (II) separated as 
orange-red needles . . . dehydrocadalene (II) isolated 
from the picrate, formed .. .’’ (11). 

Refractive indices are reported by some authors as of 
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the lines C, F, and G while other experimenters denote 
the same lines as H,, Hg, H,. Such variation is con- 
fusing and too much of it eventually causes errors. 
In certain instances, it is not clear whether the solid- 
liquid transition is a melting point or freezing point; 
although these are theoretically the same, they vary 
under ordinary experimental conditions. In tables 
such as ‘Physical Constants” which serve as reference 
for comparison, a discrimination between the two is 
essential. 

Accurate judgment of data was complicated by 
many factors. The reader has no way of knowing 
how meticulously the person in the laboratory per- 
formed his experiments. It may be assumed that a 
carefully detailed and comprehensive publication 
represents good laboratory work. Unfortunately such 
an assumption is not wholly true, for there are those 
who have mastered the art of writing well enough to 
cast aside any question of laboratory sloppiness. The 
personal integrity of the authors also might be such 
that poor results were “doctored’”’ to insure a uniform 
report. Even though the senior author in charge may 
be very reputable, he cannot be held totally responsible 
for the student who decided to neglect taking a melting 
point and merely recorded a literature value. 

In the case of densities, data which would seem fairly 
good, from the care used in determination, are spoiled 
because the author fails to state whether the figure is 
given with respect to water at 4° or water at the same 
temperature as the determination. The value of 
densities of compounds which might exist either as 
supercooled liquids or solids at the designated tem- 
perature is diminished because the state of aggregation 
was not given. Good index of refraction and density 
data are often worthless because the temperature was 
omitted. In the case of the indices, the spectrum 
line is not always given, and while it usually refers to 
the sodium D lines, such an assumption is not wholly 
safe. In cases of omission of temperature and spec- 
trum lines, the data were not used since the omission 
implies carelessness and the assignment of temperature 
and spectrum lines extends beyond the scope of dis- 
criminatory judgment. 

In judging the purity of compounds discrimination 
was difficult, for too many of the dependent factors 
were omitted from the report. The number of re- 
crystallizations for melting point data, the number of 
fractional distillations, and the amount of drying of 
liquids were taken into consideration. Carbon-hydro- 
gen analysis was another helpful criterion usually in- 
cluded in publications. The precision of the instru- 
ments used was given in too few instances. The con- 
stants themselves are often a measure of precision. 
That is, a two-degree melting range indicates a less 
pure compound than a one-degree range, and a con- 
stant boiling liquid—except in the case of a constant 
boiling mixture—is more nearly pure than one having 
a boiling range of several degrees. 

Boiling point data were gathered for all pressures 
given on each compound and the values for dt/dp were 
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calculated whenever the data permitted, so that an 
extrapolation of data obtained in the laboratory could 
be made. 

The maintenance of a high degree of accuracy in 
physical constants was complicated by a few seem- 
ingly insignificant details. Many references contained 
at least one of the following errors: misspelling the 
author’s name, an incorrect abbreviation for the 
journal, the wrong page number, or the wrong year. 
The misspelling caused many duplications and in the 
case of names which are spelled differently in two 
languages, as a Russian name in English and German— 
for example, Philipov and Filipow—involves incon- 
sistency in the bibliography and actual duplication of 
the same constant on the printed page. The wrong 
journal abbreviations and page numbers not only in- 
volve duplication but also the antithesis, omission, 
since the correct reference is not easily located. The 
year is one part of the reference which can very easily 
slip by unnoticed, as it is not always necessary for 
location. 

A further difficulty encountered, particularly in the 
search for the alicyclic and aromatic groups of hydro- 
carbon compounds, was the lack of an adequate glos- 
sary defining and giving structures of compounds such 
as pinene, bornylene, norcamphene, eudalene, azulene, 
cinnamene, tricyclene prehnitene, trindene, periflanthene, 
mariene, and numerous others. Even after the pub- 
lication of the “‘Ring Index,” by Patterson and Cappell, 
many of these hydrocarbons were still undefined and 
no structures were extant from an authoritative source. 

Our own group had to be constantly reminded of the 
types of mistakes that could be and were made in the 
recording of data. We found that there were certain 
types of errors, such as transposition or omission 
of numbers, and omission of letters in spelling, that 
were common to everyone who ever worked on the 
project. In addition, all new persons had to be closely 
watched during the first several weeks of their work 
in the library, in order to find out what type of mis- 
takes were common to them, and after this checking 
period they were constantly reminded to avoid these 
errors. Among these were the omission of tempera- 
tures and pressures at which the constants were given, 
omitting spectrum line designated for an index of re- 
fraction, not labeling the constant for density or index 
of refraction. Usually it is easy to decide whether the 
value is for a density or index of refraction, but less 
ambiguity and confusion result if the constant is 
labeled. Confusion resulted from the omission of 
parts of journal names, such as Annalen, Annalen der 
Physik, or Annales de chimie. Other omissions such as 
leaving out one or both initials of an author’s name 
were constantly watched for. Since each person had 
his own variety of mistakes, a periodic exchange of 
data sheets between members of the group was found 
conducive to accuracy and clarity in the recording of 
constants. 

In order to fulfill our purpose, to collect and record 
all reasonably accurate melting points, boiling points, 
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densities, and refractive indices, it was necessary to 
cover the original publications in a systematic fashion. 
This was done by first placing all the data cards in 
alphabetical order, then each letter in turn was or- 
ganized according to the journals covered. For ex- 
ample, the authors of a particular alphabet group ap- 
pearing in the original journals placed in the volume 
order of the journal and before leaving this set of 
journals every author listed in a particular letter was 
covered. In this way the journals were freed, so that 
another worker could begin with another letter. 

The data from each article were recorded on a sepa- 
rate page headed by the author’s name and initials. 
The complete journal reference and the pages of the 
beginning as well as the end of the article were also in- 
cluded. The name of the compound appeared in the 
left hand column, and all data were tabulated in a pre- 
arranged order. The data were then given an accu- 
racy rating based on a scale of five to one, five being 
the highest rating and one the lowest. 

Because care in handling detail was the only means 
of avoiding numerous errors, the following rules of 
procedure have been thought worth while, in the interest 
of conservation of time both for the director of the 
problem and the research group engaged in its effective 
pursuit. Thus each person engaged in this work 
followed the same procedure and any newcomers could 
pursue an already organized course. 

Many of the rules which follow may seem rather 
superfluous, obvious, and ridiculous, but sad experi- 
ence while working with a group of graduate chemists, 
even Ph.D’s, shows that the rules are exasperatingly 
necessary. A number of these rules are recommended 
as a guide for literature surveys. 

1. Write legibly or print in ink. It is particularly 
important that all numerals and letters be perfectly 
clear. 

2. Initial and date every sheet. In case there was 
a question on the material, it might be referred to the 
proper person. This practice also discouraged care- 
lessness. If it were found necessary to change any 
rules of procedure, only the data cards completed before 
a certain date would have to be covered again. 

3. Write author’s name and initials, journal, 
volume number, pages of beginning and end of article, 
and year on first line of each data sheet—. e., across 
the top of the sheet lengthwise. Include all of the 
author’s initials. 

The use of this general form avoided confusion and 
omissions of any of the above items, all of which are 
necessary for a complete reference. 

4. If article cannot be checked by going to the 
original, give the secondary source—e. g.,C.A. When 
material is taken from a secondary source it is not 
correct to attribute the data to the original since the 
secondary source may be incomplete or incorrect, or 
both. 

5. Do not include patent data. This type of data 
has been found, in general, not of the accuracy neces- 
sary for the study of physical constants. 
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6. Do not attempt to check Russian or Japanese 
articles in the original unless familiar with the lang- 
uages. Although it was possible to find data, such as 
di —0.897, near a recognizable chemical formula, it was 
unsafe to record this, for the author may state in the 
text some grounds for eliminating the constant. 

7. Photostat all extensive tabulations of data (one- 
half page or more). This practice not only saved time 
but also eliminated error due to brain lag in copying 
large tables. 

8. Keep a working notebook for cross references. 
The only means of assuring complete coverage of cross 
references was to record them when encountered and, 
as insurance against loss, a notebook was found better 
for this purpose than loose pages. 

9. If the article is one of a series by the author, 
check previous articles of the series. This check is 
further insurance of complete coverage. 

10. Do not copy the author’s obvious mistakes, 
but use this rule with caution. If a density was 
labeled as a refractive index or any other mistake 
equally recognizable was made, it was not recorded. 
In most cases, however, it was found more satisfactory 
to record the material and edit later. 

11. Do not attempt to edit on the data sheets. 
Our purpose in collecting material was to record what 
appeared in the literature, and thus it was more effi- 
cient to leave all editing until later, when a well- 
rounded picture of the various situations could be 
formed. 


A. Record names of compounds just as the author 
gives them. 

B. Do not write down a structure for the com- 
pound unless it is given in the article. There 
was often a disagreement about structure and 
it was important to know the author’s view. 

C. Do not take data from tables unless verified by 
reading the content of the article. The 
errors of copying quoted data and rounded-off 
figures were eliminated. A table, on first 
appearance, often seems to be original, but 
after reading the article one finds the data to 
be quoted or given in a more complete form. 

D. When a hydrocarbon is formed by the de- 
hydration of an alcohol, do not assume that a 
pure compound is formed. The anticipated 
compound is not always formed in chemical 
reactions, and even though it is, it may be 
contaminated with products of side reactions. 

E. If densities and refractive indices are given with- 
out specifying the temperature, do not assume 
this to be 20°. Temperatures are at times 
omitted. Although densities and indices are 
usually reported at 20°, this practice is not 
always followed. 

F. Do not assume that our conventions for ‘‘bi” 
and “‘di” are followed in the literature. The 
prefix “bi” is systematically used by us to 
designate two rings directly joined by a single 
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bond, such as biphenyl, and ‘‘di’” to indicate 

two substitutions on a third group as in 

1,2-diphenylethane. This point was neces- 
sary to put the readers on guard for the many 
different types of nomenclature in the litera- 
ture. 

G. Record all significant figures as the author gives 
them. A figure such as 80 does not represent 
the same degree of precision as the figure 80.0 
nor is 1.4950 identical with 1.495. 

H. If any comments are made on the data sheet, 
put them down so that they will not be mis- 
interpreted as comments of the author. 
Bitter experience was encountered with one 
person who wrote in his own ideas in such a 
manner that they appeared to be those of the 
author’s. 


12. When recording the formula, name, and struc- 
ture of a compound on the data sheet, check to see if 
these are consistent. If not consistent, reread the 
article in an attempt to discover the author’s error or 
your own. At times misprints occur or the author is a 
little careless, and in such cases the error may be suffi- 
cient to make the data worthless. 

13. Note whether the densities and refractive in- 
dices are for liquid or solid. , 

14, Put down the author’s numbering of ring sys- 
tems. There is considerable variation in numbering 
at times, and although a compound is assigned a 
structure, the numbers may not be in accord with the 
system generally used. 

15. Put down the probable errors and estimated 
uncertainties of all data as the author gives them. 
Note whether the probable error is quantitative or 
qualitative—1. e., actually calculated on the basis of 
data or merely an estimated order of magnitude. 

16. Put down the individual values of the physical 
constants and not merely the average. If the author 
gives the average, record this too, and clearly state. 
This rule emphasizes the principle of recording experi- 
mental data. In many instances the author records 
several values without indicating which is best. 

17. Do not put down boiling point of compound if 
boiling point range is greater than 5°. If boiling 
point is rejected, also reject accompanying density and 
index of refraction data. Densities and indices of 
refraction are determined on this same boiling fraction, 
consequently they are no better than the boiling range 
value itself. 

18. Do not record melting points of range greater 
than 2° and accompanying data. A melting range 
shows impurities. This rule has been violated in a few 
cases, such as the penta-aryl-ethanes, which decom- 
pose near their melting points. 

19. With the exceptions contained in Rules 17 and 
18, record all boiling point, melting point, density, and 
index of refraction data under all conditions of pressure, 
temperature, wave lengths, etc. 

20. In addition to data on the four constants, put 
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in the “additional data column” data such as specific 

rotation, sublimation temperatures, transition points 

in liquid or solid, etc. These constants appear too in- 
frequently to warrant a separate column in the tabula- 
tion. 

21. Write structures whenever author gives them, 
except for benzene, naphthalene, anthracene, phe- 
nanthrene, fluorene, and very simple derivatives of 
these. It has been noted that surprisingly few names 
are represented by the same structural formula in the 
literature by all experimenters. It would have been 
a waste of time, however, to record formulas for the 
above compounds. 

22. If any data are recorded other than direct ex- 
perimental data, note whether data are extrapolated or 
calculated. Our tabulations are strictly of experi- 
mental work and calculated values are of interest only 
from a comparative standpoint. 

23. If any question of procedure arises not covered 
by these rules, bring it up for discussion. Any com- 
plications arising should be made known to everyone 
working on the physical constants project and it is well 
to have several viewpoints on any subject. 

24. In checking another researcher’s work, do not 
correct apparent errors of judgment without consulting 
that person. Minor errors are to be corrected with 
colored pencil. Checking was done more rapidly than 
initial coverage and consequently the apparent was not 
always correct when viewed with closer scrutiny. 

25. Make an estimate of the error of each constant 
on a scale of five to one. The basis for rating the 
accuracy of each constant is found in the original pub- 
lication, since secondary considerations, such as the 
standing of the senior author, the agreement of the con- 
stant with others, and the date of the work, are the 
only points by which the work may be evaluated from 
the data sheet. 

26. Record all data for deuterium hydrocarbons. 
The deuterium compounds have somewhat different 
properties from the corresponding light hydrogen hy- 
drocarbons and are necessary to complete the survey 
of hydrocarbon physical constants. 

After the review of these rules for the mechanics of a 
literature survey, the conclusion or question that might 
be in anyone’s mind is, “‘Why are they necessary for a 
group of trained scientists?” 

The answer lies in the lack of fundamental training 
in the use of the literature for a bachelor’s degree, as 
well as inability to foresee the outcome of carelessness 
in handling certain details, and of deviation from a 
general form. There are too few colleges and univer- 
sities that have made such training a compulsory part 
ot their undergraduate chemistry curriculum. For a 
number of years there has been a tendency in this direc- 
tion, since a knowledge of French or German is en- 
couraged and advised before a bachelor’s degree in 
chemistry is granted. However, there must be more 
emphasis placed upon the importance of the mechanics 
of scientific literature research. 

In view of the large number of Russian scientific and 
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technical publications, it becomes increasingly desir- 
able for the researcher to cover the original Russian 
literature rather than to depend upon secondary 
sources. The need for courses in Russian in the 
college curriculum is far greater today than ever before. 

A suggestion for alleviation of the problem of litera- 
ture surveys for the graduate scientist would be the 
preparation of an undergraduate thesis on_biblio- 
graphic research, and if the research was too extensive 
and involved a master’s degree could be granted for 
its successful conclusion. Perhaps even a Ph.D. 
thesis could be submitted correlating the findings of a 
bibliographic study. 

Even the well-trained scientist may bungle his first 
efforts in literature research. He will eventually 
develop his own methods, but if in the examination of 
the literature he finds publication of the accumulated 
experiences of his predecessors in the field of surveying, 
the development will be much more rapid. 

At the close of this war there will be an even greater 
necessity for such training, since there will undoubtedly 
be released for publication a tremendous volume of 
research which is now under secrecy orders because 
of its relation to the war efforts. When this occurs 
there must be research scientists who are trained and 
ready to handle it. The work we have described here 
covered more than 25,000 original references and its 
completion required an aggregate of sixteen people for 
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over five years. But this is a mere “drop in the bucket” 
compared to what will be necessary in the days to come 
for the compilation and summary of material in other 
lines of research. 

If the efforts of specially trained scientists in indus- 
trial libraries are required to give fundamental training 
in this type of research, much time will be wasted that 
could well have been put to other uses, had the in- 
coming group been trained in the mechanics of scienti- 
fic literature surveys during their undergraduate 
training. 
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Procedure: The glass tube, A, is placed in a ver- 
tical position before the white ply board, C, both being 
supported by clamps, D, to the iron stand, E, as shown 
in Figure 2. 

About 160 cm. of the gauze tape is soaked in a freshly 
prepared 10 per cent solution of potassium iodide. 
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TWO LECTURE DEMONSTRATIONS 
(Continued from page 377) 






The tape, B, is then drawn through tube, A, so that it 
extends from the top to the bottom of the tube. A 
piece of white cloth or gauze about 150 cm. square is 
likewise soaked in the potassium iodide solution and the 
cloth then spread upon a protected table top. The iron 
stand with its equipment is set in the center of the 
cloth, F, the lower portion of the vertical glass tube 
being about 10 cm. above the cloth. 

About half a gram of potassium permanganate is 
placed in a liter cylinder or a quart milk bottle and 1.5 
ml. hydrochloric acid added. A watch glass is placed 
over the receptacle until ready for use and kept at some 
distance from the materials soaked in potassium iodide. 

Standing on the table, the demonstrator then pours 
the chlorine gas generated in the bottle into the top of 
the glass tube. The watch glass can be used to advant- 
age in deflecting the stream of gas from the bottle into 
the tube. 

As the chlorine passes down the tube the reaction with 
the potassium iodide is readily observed. When reach- 
ing the bottom of the tube the gas will invariably be 
wafted in a definite direction by the local air currents 
existing in the room. The direction of this current will 
cause the chlorine to react with the potassium iodide im- 
pregnating the cloth spread on the table, giving a pat- 
tern like that shown in Figure 2. 






















The Removal of Interfering Anions 
in Semimicro Qualitative Analysis 


L. J. CURTMAN and S. KRAKAUER 
The City College, College of the City of New York, New York, New York 


URTMAN and Wigler! pointed out that in the 

analysis of an inorganic mixture, it is imperative 

to test for and eliminate the anions prior to analyzing 

for cations. They then developed a procedure for the 
removal of interfering anions. 

In view of the growing popularity and proved reli- 
ability of semimicro techniques in qualitative chemical 
analysis, it was considered desirable to reinvestigate 
the method of Curtman and Wigler with a view to as- 
certaining its value when scaled down and adapted to 
semimicro work. 

Following the method outlined by Curtman and 
Wigler, some preliminary experiments were made in 
which the quantities of all reagents were reduced to a 
one-twentieth scale. The following results were ob- 
tained: 

(1) The maximum quantity of.tartrate was not 
destroyed; some remained as a charred residue. (2) 
The time designated for fuming was excessive for the 
quantity of acid used. (3) Sulfurous acid, introduced 
to reduce chromate and arsenate, was found to be in- 
convenient because the volume required was relatively 
large. Its use, moreover, was considered unnecessary— 
first, because adequate provision is now made for the 
detection and removal of pentavalent arsenic in sys- 
tematic cation analysis and, second, because experi- 
ments had shown that, on prolonged fuming with 
H2SQ,, the greater part of the chromate is reduced to 
insoluble anhydrous Cr2(SO,)3 according to the equa- 
tion: 


2K2Cr20; + 8H2SO, —_ 2Cr2(SOx)s a 8H20 > 302 + 3K2SO, 


(4) Finally, there was need for more information as to 
the influence of the procedure on losses of volatile 
metals such as mercury. 

With a view to overcoming these and similar ob- 
jections, Curtman and Fuhrman? reinvestigated the 
procedure and proposed certain modifications. How- 
ever, the new procedure did not result in the complete 
destruction of maximum quantities of tartrate nor was 
it tried out on a sufficient number of compounds to 
prove its efficiency. Its chief novel and useful pro- 
posal related to the treatment of the residue remaining 
after the action of HNO; and H,SQ,. It was proposed 
that, after transposing it with NasCO;, the residue 
should be treated first with dil. HNO; and the remain- 


1 Chem. News, 139, 353 (1929). 
wwe of A. Fuhrman, City College of New York, 


ing residue with dil. HCl. The two solutions were 


then combined. 

Following this procedure it was found that when 
Pb+*+ was present, a precipitate of PbCl, formed when 
the two solutions were combined. This fact is taken 
into account in our procedure which follows. 


PROCEDURE 


In a 5-ml. beaker, treat 50 mg. of the substance with 
3 ml. of 3 M H.SO,. Stir and place the beaker, sup- 
ported on a wire triangle, in the hot air bath. The 
latter consists of a 50-ml. pyrex beaker resting on a wire 
gauze and heated by a Tirrill burner. The gauze is 
supported by a tripod or ring stand. 

Heat the mixture to boiling and boil vigorously with 
constant stirring to prevent bumping until SO; fumes 
are given off. Then fume strongly, with stirring, for 
five minutes. Allow the mixture to cool thoroughly 
and then add 10 drops of conc. HNO;, washing down, in 
so doing, any precipitate that may have adhered to the 
sides of the beaker. Boil again and when fumes come 
off, fume strongly for one minute. Cool the mixture. 
Add 10 drops of conc. HNOs, boil once more, and fume 
strongly for one minute. Allow the mixture to cool. 
Add 2 ml. of water, stir, and transfer the mixture to a 
4-ml. test tube. Wash the beaker with 0.5 ml. of 
water, adding the washings to the test tube. Heat in 
the water bath for five minutes. Cool. Centrifuge 
and separate the solution. Label the latter Solution 1, 
and set it aside to be analyzed for all cations except 
Pb, Ba, and Sr. Wash the residue twice with water, 
using five drops for each washing. Centrifuge and 
discard washings. Add 1 ml. of 1.5 M NazCOs,, stir, 
and heat in a water bath for five minutes. Cool. 
Centrifuge and discard solution. Wash the residue 
free of SO.= by several washings, using two to five drops 
of water each time.. Treat the residue with 10 drops of 
dil. HNO;. Heat in water bath, centrifuge, and sepa- 
rate the solution. Label it Solution 2 and set it 
aside. To the residue add five drops of dil. HCl and 
heat in a water bath.* Combine the solution with 
Solution 2. If a precipitate forms on mixing the 
solutions, centrifuge and test the residue for Ag+ and 
Pbt+. Test Solution 2 for cations, combining group 
precipitates obtained in the analysis of this solution 
with like ones formed in the examination of Solution 1. 

3 Any residue at this point will consist of untransposed sulfates 
or substances not decomposed by the H:SQ, treatment. If the 


residue is large, it should be fused in a nickel crucible with Na,CO, 
to which a little NaNO; is added. 
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EXPERIMENTS 


Except where otherwise stated, the quantity of 
sample used in each of the following experiments was 
50 mg. 

(1) NazC,H,0,:2H20. After treatment with H,SO, 
and HNO; a clear straw-colored solution was obtained 
containing no tartrate. This was shown by the 
failure of the solution to char when boiled with conc. 
H.2SO,, and again when dried and heated strongly. 

(2) PbBrz left a white residue after the H2SO,, 
HNO; treatment. The precipitate after heating with 
NaeCO; solution dissolved in the dil. HNOs. 

(3) SnCl,-2H20 formed a white precipitate after the 
H.SO,, HNO; treatment. The precipitate did not 
dissolve in dil. HNO; after being heated with NazCO; 
solution. It dissolved, however, in dil. HCI. 

(4) A mixture of 25 mg. PbBr. and 25 mg. SnCl,:2H,0, 
when subjected to the H:SO,, HNO; treatment, gave 
a precipitate which partly dissolved in dil. HNO; after 
transposition with Na,CO;. The remaining residue 
dissolved in dil. HCl. The two solutions were com- 
bined, yielding a precipitate soluble in hot water. 

(5) CrC,04. The action of H2SO, and HNO; resulted 
in the formation of a precipitate which on further treat- 
ment with Na,CO; did not dissolve either in HNO; or 
HCl. However, the aqueous extract, 7. e., Solution 1 
in the procedure, was green, showing the presence of 
Crt+++, After oxidizing the Cr+++ to CrO with 
Na,O, the resulting yellow solution after acidification 
gave a positive test with diphenyl carbazide reagent. 
Similar results were obtained when 10 mg. of CrC,O, 
were used. 

(6) K2CrO, gave the same results as above except 
that the water extract contained a much larger quan- 
tity of Cr+t+, 
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(7) SnCl,-5H2O, same as (3) above. 

(8) K4Fe(CN)¢-3H20 yielded, after the H2SO,, HNO; 
treatment, a brown solution and a precipitate. The 
solution gave a test for Fe+++ but none for Fe(CN).— 
or CN~-. The precipitate was transposed with Na,CO; 
and dissolved in dil. HNO. 

(9) Zn2[Fe(CN).]s, same as (8) above. 

(10) BiOCl after treatment with H2SO,, HNO; left 
a precipitate which after transposition with NagCO; 
dissolved in dil. HNO;. Solution 1 (see procedure) 
when separated from the residue gave a positive test 
for Bi+++ as bismuth sulfide. From the size of the 
precipitate, it was estimated that more than one-half 
of the BiOCI went into Solution 1. 

(11) Losses of Mercury. (a) 25 mg. of Hg* gave a 
clear solution after treatment with H.SO,, HNOs. 
Treated with H,S, a test was obtained equivalent to 
3 to 4 mg. of Hg. 

(6) 10 mg. of Hg+* gave a similar result, 7. e., the 
final test with H2S was equivalent to 3 mg. Hg**. 

(c) 1 mg. of Hg++ gave a similar result yielding a 
test equivalent to 1 mg. of Hgtt. 

(12) SbOCI when subjected to the H:SO.,, HNO; 
treatment left a precipitate. After separation of the 
residue from the solution, the latter gave a positive 
test for Sb. The precipitate after transposition did 
not completely dissolve in either the dil. HNO; or dil. 
HCl. However, the solution obtained after treatment 
with dil. HCl gave a positive test for Sb. The same 
results were obtained when samples of 10 mg. of 
SbOCI were used. 





4A solution of HgCl, in NaCl solution of strength 50 mg. of 
Hg per ml. was used. The solution contained 0.025 mg. NaCl 
per ml. 








lamps. Twelve different batches of the deionized 
water were analyzed. The total solids present in the 
500-ml. samples varied from 3.4 to 3.9 mg. This is 
appreciably less than the 10 p.p.m. of total solids 
allowed by the U.S.P. specifications for distilled 
water. 

The residues from the above evaporation were put 
into solution by adding 20 ml. of the respective water. 
All qualitative tests for the usual ions present in water 
were negative. 


NOTES 


1. Eureka water is from an artificial lake and con- 
tains around 140 p.p.m. of total solids. 

2. There was evidence that at least part of the 
organic matter of the original water was taken up by 
the Amberlites during the exchange cycle. This 
might indicate that some of the organic matter was 
present in an ionic form. 


DISTILLED WATER SUPPLY FOR SMALL SCHOOLS (Continued from page 381) 









3. After 28 gallons of Eureka water have passed 
through the exchange cycle, the resins are regenerated. 
This is enough pure water to last us for three or four 
weeks. 

4. The cost of the 28 gallons is less than four cents 
—-just the cost of the regenerating solutions. By 
ordinary distillation 28 gallons would cost a great deal 
more for the gas alone. 

5. The first two batches of distilled water will be 
high in total solids since the Amberlites tend to throw 
color at first. After the second batch the columns 
operate consistently. 

6. The Amberlites can be obtained for the present 
from the manufacturer, The Resinous Products and 
Chemicals Company at Philadelphia. The IR-100 sells 
for 50 cents a pound, while the IR-4 costs $1.75 a 
pound. It is hoped that eventually these reagents 
will be made available through the usual supply 
channels. 
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The Synthetic Vitamins 
and Their Relation to Defense 


MARY JO RAHRIG 
Nazareth College, Nazareth, Michigan 


HE SYNTHETIC vitamins are becoming more and 
more important in the field of national nutrition. 
The various uses of these vitamins and vitamin con- 
centrates have gained new significance in the war 
effort and in national defense. Proper foods, supple- 
mented by the synthetic vitamins, will make our nation 
healthy again, after its years of eating improper foods. 
We shall discuss the general problems of nutritional 
deficiencies, and explain the role of each vitamin in 
helping to alleviate the unnecessary suffering of people, 
especially of those in the service and at home whose all- 
out production and increased efficiency are necessary 
for our ultimate victory. 
The article, ‘‘Food is also power’”’ in Fortune, August, 
1941, states: ‘‘Nutrition has become a matter of 
national policy. It has moved up to the front rank as a 


war expedient but it will command the same priority 
in peace, for the people of the United States will never 
be content to revert to a state of diminished alertness 
and vitality’’ (Z). 

Proper nutrition has become increasingly more im- 


portant to maintain a cool head in battle, courage on a 
dangerous mission, efficiency on the production line, 
and civilian morale. Perhaps we may say that the 
success of the war itself hinges upon good nutrition, for 
from it we shall have the good health on which national 
defense depends. To be fed properly, a nation must 
supply each individual with the proper proteins, car- 
bohydrates, fats, calories, minerals, and vitamins. 
After the war, the world will face a definite food 
shortage. Unless we prepare wisely now we shall be 
greatly affected for the worse. National defense must 
make use of present facilities to give proper and 
adequate diets to all. Here in America, the world’s 
richest country in foodstuffs, the average person is 
malnourished, not from undereating but from improp- 
erly balanced diets. Statistics show that about 40 
per cent of our population are on diets deficient in milk, 
milk products, fruits, vegetables, and meat. Often, 
people whose occupations bring them very close to 
nutritious foods, such as truck gardeners or grocery 
clerks, do not include these foods in their diets. Fur- 
ther, food habits vary with the different sections of the 
country and classes of people. For example, take the 
Southerner who prefers a diet of hominy, molasses, 
salt pork, and corn mush, and wonders why he has no 
pep. Or take the businessman in the large city who 


1 Presented at the 105th meeting of the American Chemical So- 
ciety in Detroit, Michigan, April 12, 1948, before the Division of 
Chemical Education. 


grabs a cup of coffee in the morning before rushing to 
the subway, lunches on steak and pie, then blames his 
jitters on the bustle and rush of his hurried existence. 
The factory worker often goes to work on an empty 
stomach, and eats his breakfast of coffee and doughnuts 
during the mid-morning rest period. Often the night 
shift worker gets up in mid-afternoon, eats a hearty 
dinner with his family, and fills up the rest of the night 
on soda drinks and sandwiches, only to retire on a light 
breakfast. None of these diets is stable enough for 
good work but the American workman fails to recognize 
this as the cause of his inefficiency. 

We all seem to get “‘more or less enough of the body- 
building proteins, energy-giving carbohydrates and 
fats, and minerals; but we are nationally deficient in 
calcium (for making bones and teeth) and particularly 
in vitamins, those well-publicized, little-understood, 
infinitesimal, lifegiving chemical compounds that 
regulate body operations and without which no one 
can have strong health or even life’ (1). This is due 
in part to the poor quality of the American diet and 
poor food habits. Over one-half of the average daily 
food intake of thirteen ounces of white flour, refined 
sugar, and fat, has almost no vitamins or minerals, and 
the cakes, pastries, candies, sweet drinks, and cocktails, 
which compose a large part of the American bill of fare, 
contain few vitamins and minerals. The calcium in- 
take is low. Even adolescents neglect ‘‘fattening’’ 
milk only to eat a 20 per cent calorie excess of pastries 
and soft drinks with ‘‘the crowd.” - 

According to Dr. Russell Wilder, poor nutrition 
“can undermine the nervous stability of the nation; 
it can contribute to industrial unrest, cramp the 
strength and will of workers and industry, and sap 
their courage and the courage of their wives and 
children. Malnutrition may undermine our national 
military defense’ (7). 

In order to prevent this, the Government has re- 
solved to educate the people in a knowledge of values, 
give better training for nutrition students, in both 
graduate and undergraduate work, improve the staple 
foods, and have physicians cooperate with the nation- 
wide attack on the home front. However, the nutri- 
tion program is labile, reacting to many adverse 
factors. The problem of correcting malnutrition among 
industrial workers and the people as a whole can be 
solved only by eliminating the insufficient or improper 
foods in the diet and by substituting protective foods. 

But why is our food quality so poor? A century ago, 
children were getting plenty of vitamin D from sun- 
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shine and vitamin B from whole grain cereals and 
breads. They ate unrefined sugar and drank spruce 
beer, rich in vitamin C, instead of soft drinks or sodas. 
Our grandparents abhorred fruits and vegetables be- 
cause of their fear of cholera which had decimated the 
vegetarian Hindus and some people in our American 
cities. Science progressed. It prepared white flour 
and in so doing removed over 70 per cent of the vita- 
mins. It polished rice, and taught us to cook, to can, 
to preserve, and to refine foods according to factory 
methods. It eased the labor of preserving and cooking 
food and decreased its natural good nutrient powers. 
People today prefer the daintily packaged refined 
foods, white bread, and polished rice, from which 
nearly all of the vitamins have been removed, to the 
old-fashioned vitamin-rich diet. However, it is true 
that excepting pellagra in the South, there are no out- 
standing deficiency diseases in this country. Statistics 
show, nevertheless, that only one-fourth of our people 
have an adequate diet, and that 45,000,000 are mildly 
undernourished and have tendencies toward night 
blindness, indigestion, below-par conditions, lowered 
resistance, loss of interest in work, emotional instability, 
low morale, chronic fatigue, soreness of muscle or 
backache, irritability, nervousness—any or all of which 
have their harmful effects upon the life of a nation at 
work. 

A practical example of the dangerous results of 
malnutrition may be found in the announcement of 
General Hershey that in the Army Physical Examina- 
tions since the draft began about 40 per cent of the 
selectees have been rejected, a third of whom were 
obviously malnourished. Many of those rejected were 
fed a proper diet, took additional vitamin concentrates, 
and later passed the physical examinations. Here is 
evidence that if everyone was on a diet of more pro- 
tective and nutritive foods, national health would be 
greatly improved. 

Knowing all this, however, doesn’t seem to do much 
good. ‘The nation is slow to buy only the right foods; 
a complete new nutritional program would be likely to 
encounter social and economic problems. The program 
to be successful must have national cooperation. 

A short cut to an improved nutritional level is to put 
the vitamins back into the inexpensive staples. Science 
must undo the evil modern industry has done, process- 
ing and refining foods, and show us how to regain our 
health. Prior to the Civil War, meat and potatoes 
were considered the only safe foods. After the con- 
quest of cholera, fruits and vegetables were preached 
back into the diet. However, it wasn’t until just 
before the first World War that it was determined that 
something besides calories in foods contributed to 
health. Sir Frederick Gowland Hopkins and his 
associates first discovered the accessory factors—later 
to be named vitamins—without which one would 
weaken and die. Since then, extensive researches have 
discovered over a dozen vitamins, synthesized most of 
them, and yet it is likely that they have only scratched 
the surface. 
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We have seen, therefore, what modern food prepara- 
tion has done to our vitamins. Bread is the most 
common staple, but due to the refining and milling proc- 
ess of white flour, most of the B vitamins are removed. 
Now, the synthetic vitamins, thiamin, riboflavin, and 
nicotinic acid, sometimes vitamin D, and the minerals 
iron and calcium, are added to bread as enriched flour, 
yeast, or vitamin tablets. This addition has proved 
to be a better process than special milling procedures 
which yield a darker flour but seldom meet the enrich- 
ment requirements of the Food and Drug Administra- 
tion. Endorsement of this program by milling and 
baking industries is their contribution to national 
defense and to permanent public health. Other foods 
which are enriched are milk with vitamin D and mar- 
garine with vitamin A. 

According to new specifications and in conformity 
with the Food and Drug Administration, the United 
States Army, Navy, and Marine Corps use only en- 
riched bread. About 75 per cent of civilian white 
bread is enriched, and this is approximately equivalent 
to whole wheat bread in its nutritive properties. 
Soybean and peanut flours, which embody a large 
amount of the British baked goods, supplement white 
and whole wheat flours for cooking. 

Perhaps the largest problem in the field of nutrition 
is feeding the soldiers on emergency rations. De- 
ficiencies in diet show up to a greater degree when a 
soldier is under the severe stress of training and battle, 
when emotional excitement increases vitamin require- 
ments. Thus the emergency rations for soldiers must 
consist of concentrated vitamins and this is supple- 
mented by an ample daily supply of the natural food 
vitamins. This is especially important for aviators, 
submarine personnel, tank corps men, and others in 
equally hazardous branches of the military service. 
Hence it has been found necessary to add two poly- 
vitamin tablets to every daily ration. 

The Government and nutritional experts have prac- 
tically standardized the soldier’s diet, but that of the 
industrial worker still remains to be taken care of. 
After World War I, plants and factories were more in- 
terested in a worker’s brain and brawn than in his 
physical and nutritional welfare. Very few places had 
adequate cafeterias or any type of concessions for meals. 
The worker was left to worry about his own food. Now 
it has become increasingly more important for the 
industries to have good cafeterias with wholesome 
meals at a cost of 30 cents or less. With a good diet, 
a worker is more efficient, has increased production, 
and fewer accidents. However, those places which 
have only poor facilities for lunches are noticing the 
results in their production. Hot dog stands with no 
variety of menus offer much less than a third of the 
daily requirements. The resulting hidden hunger 
rather than a hollow hunger makes the worker seek 
other things during the day, such as soft drinks, which 
he prefers to milk and orange juice, or a sandwich in- 
stead of a nutritious, vitamin-packed salad. Irri- 
tability, extreme fatigue, and inefficiency increase and 
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are blamed primarily on the work and worry. Few 
realize that these symptoms are the result of nutritional 
deficiencies. Absenteeism is high here too. It is 
usually due to minor illnesses, as colds, other respiratory 
diseases, and bronchial conditions. Numerous in- 
vestigations have shown that proper diet and sufficient 
vitamin intake, especially of vitamin A, build up 
resistance to various types of infection. Experiments 
(2) have shown that feeding a vitamin-rich material 
such as cod-liver oil, as a supplement to home dietary, 
would reduce the economic loss to employer and to 
employees. 

Even when the factory has an adequate cafeteria 
serving a nutritious meal as cheaply as one without 
many essential nutrients, it can control only one meal 
a day, and this good meal cannot compensate for two 
other poorly balanced meals at home. Thus synthetic 
vitamins play an important role in the health of the 
worker. Many of the vitamins can be obtained as 
cheaply synthetically as from natural sources, and 
these are identical with those found in foods. Those 
who supplement the diet with extra vitamins have less 
fatigue, fewer accidents, increased energy, and less 
eye strain. The concentrates are also valuable for 
those on restricted diets because of allergy, old age, 
diabetes, surgery, faulty absorption, increased exertion, 
or deficient metabolism. Nutritive essentials serve 
their purpose no matter what their source—natural 
foods, synthetic, or enriched flour, bread, and mar- 
garine. 

The need for vitamins is very evident today for 
general health. Helen Mitchell says they ‘prevent 
or lessen the vague and ill-defined aches and pains and 
digestive disturbances which we have been prone to 
accept as inevitable. So many of the little discomforts 
of middle age and the so-called early signs of senility 
are not necessary” (3). There have been significant 
cures effected by vitamin therapy, and long-standing 
deficiencies, which come to the attention of physicians, 
have been obviously remedied. However, borderline 
or subclinical cases—those not definitely ill—just as 
Miss Mitchell says ‘‘lethargic and inefficient, are show- 
ing early signs of some deficiency. These latter are 
likely to ridicule the idea that eating the right food 
might make them feel better. They may turn to 
vitamin concentrates as the only expedient”’ (3). How- 
ever, the protective foods are the only real solution to 
nutritional problems for most of the population. 

The present world crisis, with frequent new restric- 
tions on food, necessarily demands that the nation as a 
whole buy these protective foods, use them as the 
foundations of health, and supplement these with the 
necessary synthetic vitamins. 

Since we are now dealing with the synthetic vitamins, 
rather than food, we shall consider the individual 
vitamins, their positive effects, and their mild and 
extreme deficiency symptoms. 

First, the vitamins are classified as fat soluble and 
water soluble. The fat-soluble vitamins are vitamin A, 
provitamins alpha-, beta-, and gamma-carotene; vita- 
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mins D, D2, and D3; vitamins E, alpha-, beta-, and 
gamma-tocopherols; and vitamin K. Among the 
water-soluble vitamins are vitamin C and the B complex 
including thiamin, or vitamin B,, riboflavin, or vitamin 
G, or vitamin Be, nicotinic acid, pyridoxin, or vitamin 
Be, pantothenic acid, biotin, and various other factors. 

Vitamin A has been isolated and is available for re- 
search but not for clinical use in the pure form. Itisa 
complex higher alcohol with unsaturated double bonds. 
The yellow crystals are sensitive to light, heat, and 
oxidation. Concentrates for commercial use are pre- 
pared from fish-liver oils. Vitamin A from animal 
sources is used directly by the body. 

Plant vitamins A or the precursors of animal vitamin 
A are known as the provitamins alpha-, beta-, and 
gamma-carotene. Concentrates of these can be pre- 
pared from fresh green plants. The beta-carotene, 
which consists of dark red crystals when concentrated, 
is probably the most important provitamin A. These 
provitamins and cryptoxanthin are known to be 
changed in the body to yield vitamin A. 

Both plant and animal forms of vitamin A promote 
growth, healthy epithelial tissue, normal glandular 
functions and proper functioning of the visual purple, 
and increase resistance to infection. Deficiencies 
cause night blindness, epithelial diseases, poor teeth 
and gums, lack of vigor, poor appetite, and general 
weakness. 

We must emphasize that the increased resistance to 
infection and the prevention of night blindness, which 
is so hazardous for pilots, motorists, air-raid wardens, 
and plane spotters, are the important contributions of 
vitamin A to the war effort. 

There are several forms of vitamin D, the antirachitic 
factor, which are chemically distinct from one another. 
The most important forms of this vitamin are activated 
ergosterol, which is calciferol or vitamin Ds, and acti- 
vated 7-dehydrocholesterol, or vitamin D3. Calciferol 
is not made by total synthesis but is formed following 
the irradiation of ergosterol and is available com- 
mercially as ‘‘viosterol.’’ Vitamin D is necessary for 
good bone and teeth development and good body 
form. It is very necessary for children to get this 
vitamin during their early years to develop properly 
but the adult requirements are not definitely known. 

Sources of vitamin D are ergosterol activated by 
ultraviolet light (or by electrons or sunshine), fish-liver 
oils, and milk enriched with activated ergosterol. 
Bread and cereals are also enriched with this vitamin. 
The commercial preparations are in the forms of 
emulsions, tablets, capsules, tonics, malt preparations, 
and concentrates from the fish-liver oils. 

Rosenberg says that vitamins of the E group, or 
“alpha-, beta-, and gamma-tocopherols, are all syn- 
thesized according to the same principle. Alkylated 
hydroquinone is reacted with phytyl halide in the 
presence of a catalyst to form in one reaction, the de- 
sired chroman derivative’ (5). Alpha-tocopherol is 
more active than beta- or gamma-tocopherol. They 
have definite antioxidant properties which prevent 
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auto-oxidation of fats and rancidity resulting therefrom. 
They are stable to heat, acids, and alkalies, but are 
destroyed by the oxidizing action of ferric chloride and 
silver nitrate. 

Although vitamin E is prepared synthetically, it is 
also extracted from wheat germ oil, a natural source. 

Human requirements have not been definitely estab- 
lished, but a deficiency results in failure to reproduce, 
in muscular weakness, and in degenerative diseases of 
the nervous system. 

Vitamin K is a substituted derivative of naphtho- 
quinone. It is the antihemorrhagic factor, and the 
synthetic vitamin is called menadione. Many factors 
possessing vitamin K activity have been developed. 
The synthesis is inexpensive and the menadione is used 
commercially. Most of the K vitamins are fat- and 
oil-soluble but the few water-soluble ones are used for 
intravenous administration. 

It maintains a normal prothrombin level in the blood 
and is used to treat obstructive jaundice and to prevent 
postoperative bleeding. This vitamin is used ex- 
tensively for emergency operations near a battle front 
and injections of vitamin K at such critical times 
have proved very valuable to the future recovery and 
health of the patient. 

The water-soluble vitamins of the B complex and 
vitamin C have nearly all becn synthesized and are 
contributing greatly to supplement national nutrition. 

The only vitamin containing sulfur, thiamin or vita- 
min B,, is a_ thiazole-pyrimidine compound made 
synthetically and sold as thiamin chloride. It is 
quite stable but is not stored in the body. It is de- 
stroyed by heating in an alkaline solution. In the 
“Nutritional Charts’ published by the H. J. Heinz 
Company, we find that this vitamin “‘promotes growth, 
stimulates appetite, aids digestion and assimilation,” 
is ‘related to carbohydrate and fat metabolism,” and 
is “essential for the normal condition and functioning 
of the nerve tissue’ (4). Slight deficiencies result in 
weakness, slow heartbeat, loss in weight, cardiovascular 
and digestive disturbances, poor appetite, and impaired 
reproductive functioning. It acts as a coenzyme to 
oxidize pyruvic acid from carbohydrate metabolism and 
utilization in the body. 

Vitamin B, is called the energy and morale vitamin 
because there is a direct relation between the vitamin 
requirements and energy output. Any increased 
activity requires more of this vitamin, and it boosts 
morale by eliminating emotional strain consciousness. 
Certain nervous disorders, as constant fearfulness, 
short tempers, poor memory, tearfulness, and easily 
hurt feelings, caused by vitamin B; deficiencies, are 
cured in a very short time by thiamin injection. Its 
use in treating metallic poisoning is very important for 
the armed forces and civilians in war zones. 

Riboflavin, or vitamin Be, is synthesized by various 
methods. A few of the starting materials are ortho- 
xylene, a by-product of the petroleum industry, d- 
ribose from natural sources or synthesis, and alloxan 
obtained from the oxidation of uric or barbituric acid. 
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Crystals are yellow in color, solubie in water and 
alcohol forming green-fluorescent solutions when neu- 
tral, but are insoluble in fat solvents. The flavins are 
stable to heat, air, and oxygen but are sensitive to 
alkalies and light. 

Riboflavin is necessary for cell respiration, repair 
of nerve tissues, and normal growth and health, and 
it lengthens the span of life. Deficiency symptoms 
—ariboflavinosis—include skin changes of cheilosis, 
ocular defects such as cataract and eyelids adhering 
together, lesions at the corners of the mouth, shiny lips, 
digestive disturbances, loss of hair, lack of vigor, and 
dimness of vision. 

Priorities for vitamins B; and Bz have been obtained, 
so that neither civilians nor the armed forces will be 
without these essential nutrients. These two vita- 
mins are sold in both concentrated and synthetic 
forms. 

Nicotinic acid, niacin, or the antipellagra factor, 
is prepared synthetically by the oxidation of nicotine, 
or of beta-picoline, or by synthesis from pyridine. The 
white crystals are soluble in hot water and alcohol, 
and in alkali hydroxide and carbonate solutions, but 
are insoluble in ether. It has a bitter taste and is a 
constituent of coenzymes which transfer hydrogen in 
cellular respiration and which are important in glycol- 
ysis. 

It promotes growth and health, and maintains the 
normal function of the skin and gastrointestinal tract. 
The symptoms of pellagra, resulting from a deficiency 
of nicotinic acid are glossitis and dermatitis. How- 
ever, there are many more subclinical cases which show 
the early nonspecific symptoms of mental depression, 
stupor, dizziness, trembling of the head, loss of memory, 
confusion, soreness of mouth, indigestion, nausea, 
constipation, loss of weight, and nervous disturbances. 
These patients may be treated for the symptoms with 
nicotinic acid successfully before any degenerative 
changes of the nerve tissue have taken place. 

Nicotinic acid also cures Vincent’s infection when it 
is caused by a pellagra condition, relieves nausea, vomit- 
ing, and headaches of intensive sulfanilamide therapy, 
and prevents high tone deafness and extreme sensitive- 
ness to heat and cold. 

Vitamin Bg or pyridoxin is a pyridine derivative from 
ethoxyacetylacetone. It is quite stable as a white 
colorless powder, but in solutions, as the pH increases, 
the stability is decreased. It is destroyed by light 
and is soluble in water, but not in acetone. It is 
synthesized according to Rosenberg by ‘‘building up the 
pyridine nucleus from small aliphatic molecules and by 
partial degradation of a higher molecular compound as 
isoquinoline, to form the pyridine -derivative of the 
constitution of vitamin B,’’ (6). 

The functions of this vitamin in the body are not 
clearly understood, but it seems to be essential for the 
utilization of fatty acids and production of enzymes 
involved in muscular metabolism. Those with residual 
symptoms after treatment with the other B vitamins are 
frequently relieved by injections of vitamin Bs, showing 
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that clinical diseases often occur from complex de- 
ficiencies. 

Panthothenic acid, commonly called the “filtrate 
factor,’’ seems to be curing a malady in the British 
Army characterized by fatigue, breathlessness, fainting 
spells, and disturbances of the pulse rate, due to the 
sensitivity of the adrenal! glands whose proper function- 
ing is controlled by this vitamin. It has been made 
synthetically and is available as the calcium or sodium 
salt. 

Para-aminobenzoic acid seems to have some vita- 
min activity and has been used to treat gray or white 
hair, occasionally restoring the natural color. The 
effects of this vitamin do not seem to be toxic, but it 
may cause high blood pressure, and a counteraction 
to the curative effect of the sulfa drugs. 

Synthetic methods of preparing vitamin C have been 
most economical for some time. Various methods 
have been used and the similiarity of its structure to 
the monosaccharide sugars have made possible its 
synthesis starting from a variety of different carbohy- 
drates. 

Vitamin C is oxidized rapidly by iron and copper, and 
is sensitive to alkalies and to cooking in the presence of 
air. It is destroyed by infections and industrial 
poisons and is lost by perspiration. This vitamin 
favors good tooth development, is essential for normal 
conditions of endothelial cells, glandular functions, 
and tissue respiration, stimulates growth, and improves 
the appetite. Mild deficiency symptoms are indicated 
by enlarged and weak joints, headache, low resistance 
to infection, weakness, restlessness, and digestive 
disturbances. 

The synthetic vitamin has been used to treat diseases 
caused by viruses, to heal wounds and fractures, 
prevent benzene and toluene poisoning, and to help 
prevent heat prostration in war plants and among 
our soldiers in the tropics. It increases resistance to 
hay fever and is also useful in preventing postoperative 
shock. 

We have seen that all of the vitamins are necessary 
for life in some degree and when these are not supplied 
entirely by foods, they must be obtained from synthetic 
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or concentrated sources. Usually for good nutrition. 
they are sold as mixtures of several of the vitamins. 

There is much danger, however, in all this knowledge. 
Some people might take a poly-vitamin capsule, con- 
sider it their quota for the day, and neglect to eat the 
right foods. The vitamin concentrates merely supple- 
ment food; they do not replace it. Further, nutrition 
is not an exact science. New vitamins are being dis- 
covered frequently and it would be very rash to believe 
that these are not as necessary for health as the ones 
already known and synthesized. To obtain all these 
unknown vitamins, we must eat the right protective 
foods and avoid all deficiencies. 

Altogether, there are about 36 known elements neces- 
sary for health. These include a dozen well-recognized 
vitamins, about 10 amino-acids, and sugar, fat, water, 
and minerals. Swallowing a couple of vitamin capsules 
daily does not discharge our duty to our bodies, for all 
these essential elements must fit together in a physio- 
logical mosaic. A well-balanced diet plus vitamin 
capsules for known deficiencies will insure our getting 
both the known and the unknown vitamin values. 

Thus, while our Government is calling for an all- 
out production scheme, let us who know the importance 
of vitamins in our physical, mental, and moral life 
pledge ourselves to an all-out campaign for spreading 
this essential knowledge among our fellow citizens. By 
so doing, we shall be participating, to a very vital 
extent, not only in the war-effort proper, but also in 
the upbuilding and preservation of the health of a 
great people in a great nation, the United States of 
America. 
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I took this matter up with Dr. Woods, president of 
the University of Maryland, who consented to carry 
out the matter in the way suggested by Mr. Garvan. 
He appointed Professor Broughton as associate head 
of the department and Mr. Leslie Bopst as associate 
state chemist, thus relieving me of all such duties. 

The JOURNAL ran on, increasing in size and circula- 


tion during these first nine years of its existence; the 
number of pages printed per year had increased from 
two hundred to three thousand, and the circulation from 
zero to nine thousand. For this we owe a great vote 
of thanks to Francis P. Garvan. I would also like to 
express my deepest appreciation for the editorial help 
of Dr. Otto Reinmuth and Miss Mildred Grafflin. 





The Recovery of Tin from Tin Cans 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


HE nation-wide drive to remedy, in part, the short- 

age in tin by salvaging this metal from used cans 
lends particular interest to a laboratory exercise that 
illustrates one method of recovery. The procedure 
given here is adapted from R. Blochmann’s “‘Anleitung 
zur Darstellung chemischer anorganischer Praparate,”’ 
published at Leipsic in 1895. 

The tin plate used in fabricating food containers 
actually contains little tin. Though formerly the 
coatings were heavier, the stock used now carries from 
1.0 to 1.5 per cent by weight if made by the hot dip 
method. Electrolytic plate, which is used as much as 
possible, carries about 0.55 per cent tin. 

The protecting coating can be stripped from the 
underlying iron or steel by treatment with a boiling 
solution of sodium sulfide in which sulfur is suspended. 
Soluble sulfostannate is formed: 


Sn + NaS + 2S — Na2SnSs3 (1) 


This is decomposed by acidification and stannic sulfide 
precipitates: 
Na2Sn$; + 2HCl —~ 2NaCl + HS + Sn& (2) 


Stannic oxide is formed when the sulfide is heated in 
contact with the air: 


SnS. + 302 — Sud, + 2SO, (3) 


The oxide can be reduced to the metal by tusing with 
potassium cyanide: 
SnO, + 2KCN — 2KCNO + Sn (4) 


Procedure: The cans are thoroughly cleaned and 
then cut into small strips. One kilogram of the 
prepared metal is placed in a suitable reaction vessel 
(iron, glass, porcelain). The requisite weights of so- 
dium sulfide and sulfur are calculated on the basis of 


Steel 


SO HUGE is the American steel industry that not 
even a war can change its aspect basically. There are, 
however, changes of lasting importance; although the 
industry’s “center of gravity’”’ is unchanged, its fron- 
tiers are reaching out to Texas and California, and new 
ore sources are being tapped to supply these outposts. 
In the Lake Superior district it has at last become neces- 
sary to plan for the exhaustion of Mesabi’s high-grade, 


equation (1) and on the assumption that the tin con- 
tent is 3 per cent. The sulfide is dissolved, the solu- 
tion poured over the metal, the finely divided sulfur 
added, and then enough water to cover the metal com- 
pletely. The liquid is kept at the boiling point until 
the tin has gone into solution. This usually requires 
one to two hours. The water lost by evaporation is 
replaced from time to time. 

When cold, the yellow liquor is poured off; if not 
clear it must be filtered. A layer of sand makes an 
excellent filter bed, though paper can be used. A slight 
excess of hydrochloric acid is carefully added (hood) 
and the precipitate is collected on a filter. The stannic 
sulfide is thoroughly dried and then roasted in a flat 
iron dish or on a sheet of iron. The sulfide is spread 
out in a thin layer; an ordinary burner is adequate. 
The oxidation proceeds readily and the operation is 
considered finished when a test portion no longer 
gives off sulfur when heated in an ignition tube. The 
stannic oxide is contaminated with sodium chloride. 
This is removed with water. The washed oxide is 
then thoroughly dried and weighed. 

The computed quantity of potassium cyanide 
[equation (4)] is fused in a crucible (clay or porcelain). 
Small portions of the oxide are added, and the melt is 
occasionally stirred with an iron wire. After all of 
the oxide has been introduced, the contents of the 
crucible are kept molten until a quiet fusion is attained. 
After cooling, the reaction product is removed either 
by breaking the crucible or by treatment with hot 
water. The regulus of metal is then separated from 
the slag, which consists of impure potassium cyanate. 
Because of its possible cyanide content, it must be 
handled with proper precautions and disposed of under 
competent supervision. About 75 per cent of the tin 
can be recovered in this way. 


at War 


open-pit ores, although exhaustion. is some ten or 
twenty years in the future. Steel ingot production has 
increased some 60 per cent since 1939, but demand has 
increased even faster. A 240 per cent increase in alloy 
steel production since 1939 has required development of 
leaner alloys, known as NE steels, production of which 
will increase. 

New sources will provide some ore for our projected 
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1943 ingot production of 97 million tons, although the 

bulk will come from old mines. At the present with- 
drawal rate some estimates indicate that the estimated 
568 million gross tons of high-grade, open-pit ore in the 
Lake Superior district, which normally supplies 85 
per cent of our ore, may be exhausted as early as 1950. 
However, many industry sources feel that improved 
concentrating and smelting operations will permit a 
painless swing to the lower-grade ore when necessary. 
Another 563 million tons of high-grade ore are available 
underground, and in addition there are between five and 
ten billion tons of lower-grade magnetic taconite, which 
can be concentrated at slight extra cost. A smaller 
underwater deposit at Lake Embarrass, Minnesota, 
estimated to contain fourteen million tons of open-pit 
ore and ten million tons of deep ore, is being developed 
for operation perhaps within a year. A large, high- 
grade iron ore deposit near Cedar City, Utah, and ore 
from the mountains of the Southern California Desert 
are supplying raw materials for Western expansion. 
Long-known, large Texas deposits of low-grade ore will 
be concentrated to supply the beginnings of a Texas iron 
and steel industry. 

Shipbuilding is now a leading consumer of steel, 
absorbing 16 per cent of the 1942 output. Despite 
the numerous West Coast shipyards, until recently 
there was only one pig iron unit west of the Rockies, 
that of Columbia Steel at Provo, Utah. Interruption 
of Panama Canal shipping, and the consequent burden 
on the railroads, has resulted in substantial expansion 
of the West Coast steel industry. The bulk of the 
Western expansion centers around Geneva, Utah, and 
Fontana, California, with smaller units at Pittsburg 
and Torrance, California. The Utah development is 
much the largest of the Western expansions and ranks 
second only to Pennsylvania in its share of new steel 
capacity. At Geneva, Columbia Steel (U. S. Steel 
subsidiary) is constructing plants for an estimated 
annual production of 1,450,000 tons of pig iron, 840,- 
000 tons of steel ingots, and 500,000 tons of plate, to 
start operation this spring. Raw materials for both 
plants are available nearby, coal from a new mine 
being developed near Geneva, and highgrade iron ore 





I shall not write on marble. For marble, which comes from. the everlasting hills, 





407 


from a deposit near Cedar City, Utah. At Fontana, 
near Los Angeles, the Kaiser Steel Company has built a 
1200-ton-a-day blast furnace, and will have in operation 
this year four open hearths, a plate mill, alloy finishing 
facilities, soaking pits, and other rolling mills. Iron ore 
for the first year’s operation will be obtained from a 
small deposit in Kelso, California, 175 miles northwest 
of Fontana, and coking coal from Sunnyside, Utah, a 
five-day freight haul. 

War industry in the Southwest is also the incentive 
for the first blast furnace in Texas, now being built at 
Daingerfield, in northeastern Texas. The 1200-ton 
furnace will use concentrated East Texas iron ore and 
Oklahoma coking coal and is expected to start produc- 
tion this spring. 

Outstanding increase in the industry is in alloy steel 
production, now some 240 per cent greater than prewar. 
One-third of this alloy steel is made in electric furnaces, 
which each year gain on the open hearth as alloy pro- 
ducers. The increased alloy production strains our 
supply of conventional alloying agents, particularly 
molybdenum, nickel, and chromium. One function of 
an alloying agent is to increase the depth to which 
heated steel will harden when quenched at a particular 
cooling rate. To obtain the desired ‘“‘hardenability,” 
nickel was often used in rather large amounts up to as 
high as 5 per cent. However, about a year and a half 
ago a prospective nickel shortage started research on 
leaner alloys. This has resulted in NE or National 
Emergency steels now coming into use to replace some 
older alloy steels. 

Usually strategic materials, such as nickel, chro- 
mium, and molybdenum, are not entirely eliminated, 
but greatly reduced. In many of these steels the use of 
manganese is increased. The most striking results have 
been obtained by addition of boron which, although 
limited in its applicability, will often substitute for more 
critical alloying materials as a means of increasing 
hardenability. Boron is readily available .in this 

country, and should relieve considerably the pressure 
on molybdenum, nickel, and chromium. 


—Industrial Bulletin, Arthur D. Little, Inc. 


will return thereto and the written words will crumble into dust and become as if they 


never were. 


I shall not write in books. For books molder in dusty libraries and the type styles 
of today become the curiosities of tomorrow. Scholars may ponder the dimming words 


but the thoughts are lifeless and dead. 


I shall not write with ink. Though the salesman assures me that it is a new kind of 
ink and is permanent, he goes his way and the ink fades and is soaked up by withered 


paper. 


Let me write on the plastic minds of youth that my writing may be enlarged a 
thousandfold, that the words may take new meaning and become a heritage to be writ- 
ten afresh for generations to come. For he who writes on the minds and hearts of boys 


and girls may know that the writing will live when he has passed away. 


— Frederick J. Moffitt in The Nation’s Schools 














JUST as we go to press there comes to our attention 
the announcement in Chemical and Engineering News 
(July 25, 1943) under the above title. This is a matter 
of important concern to all in the chemical profession, 
as well as to students in training for it. The important, 
but informal, part which the American Chemical Society 
has played in selective service deferments will hence- 
forth be taken over by the National Roster, which has 
been given a larger measure of power in this matter. 
Those who are interested in the complete details, 
especially as they affect employed chemists, are referred 
to the original, but we are taking the opportunity to re- 
print below those parts of the announcement which 


particularly apply to students and teachers of chemis- 
try. 

The Selective Service System (Brig. Gen. Lewis B. Hershey, 
Director) and the National Roster of Scientific and Specialized 
Personnel (Dr. Leonard Carmichael, Director) are companion 
units in the War Manpower Commission. The two are effec- 
tively cooperating. It is the duty of the National Roster to 
collect and make available accurate information on individuals 
in the United States who fall in the critical categories of ‘‘scientific 
and specialized personnel.’’ It has collected this information 
with care, and no group has been covered more completely than 
“chemists and chemical engineers.’’ The data have been gath- 
ered for Government purposes by this Federal agency, coexistent 
and cooperating with Selective Service. One of its purposes is to 
furnish Local Boards with detailed information regarding pro- 
fessional qualified individuals so that intelligent action may be 
taken by the Local Boards in placing them where they can serve 
America best. The basic reason for the establishment of ‘‘Selec- 
tive Service’ was the proper and efficient use of America’s man- 
power. 

To accomplish intelligently the objectives mentioned above, 
Selective Service has issued 35 Activity and Occupation Bulle- 
tins. Of these Number 35 is especially significant and con- 
tains the following paragraphs: 


B. National Roster of Scientific and Specialized Personnel: 

1. Information submitted by National Roster.—Reference is 
made to the form letter of this Headquarters concerning per- 
sons registered with the National Roster of Scientific and 
Specialized Personnel, which contains the following paragraph: 

The National Roster of Scientific and Specialized Personnel 
is a governmental agency, and the information which it has 
given us concerning the above registrant is considered reli- 
able. It isdirected that this communication be placed in the 
cover sheet of the above registrant by his Local Board. 

This information shall be considered, together with any 

other evidence at the disposal of the Local Board, as bearing 

on the registrant’s classification under the Selective Training 

and Service Act of 1940. 


In order authoritatively to implement these objectives and to 
conserve the inadequate supply of chemists and chemical engi- 
neers, the National Roster has appointed an advisory committee 
consisting of Frank C. Whitmore (Chairman), Lawrence W. 
Bass, Warren L. McCabe, E. W. Reid, and F. W. Willard. Official 
confirmation of this committee has not yet been given, but it is 
expected momentarily. The Roster has engaged Dr. W. T. 
Read, Dean of the School of Chemistry at Rutgers University, 
to serve on a full-time basis as Executive Officer of this committee 
and as principal group specialist on the staff of the Roster’s 
professional allocation section. 


Occupational Deferment of Chemists and Chemical Engineers 


Amended Data and Recommendations 
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Because the National Roster procedure has been set up after 
careful consideration aided by competent advice, and since many 
agencies with similar responsibilities would cause confusion, the 
American Chemical Society hereafter will refer to the National 
Roster all questions of deferment concerning chemists and 
chemical engineers for such action as is shown by the evidence to 
be in the interests of the war effort. Accordingly, future com- 
munications regarding such deferment should be addressed to the 
National Roster of Scientific and Specialized Personnel, Attention 
of Committee on Chemists and Chemical Engineers, 10th and U 
Streets, N. W., Washington 25, D. C. 

For the additional information of industry and our members, 
attention is directed to Local Board Memorandum 115 printed on 
page 679 of the May 10, 1943, issue of Chemical and Engineering 
News. This memorandum gives the list of the Activity and 
Occupation Bulletins corresponding to the 35 officially cer- 
tified ‘‘essential activities.’’ These Activity and Occupation 
Bulletins displace all previous occupational bulletins, and have 
themselves been amended in certain instances since their issuance 
on April 1, 1948. Therefore it is desirable for an industry faced 
with the need for occupational deferments to obtain from Na- 
tional Headquarters, Selective Service System, 21st and C 
Streets, N. W., Washington, D. C., the bulletin or bulletins 
applying specifically to that industry. For instance, AOB No. 17 
(Production of Chemicals and Allied Products) was amended 
May 6, 1943, by Transmittal Memo No. 25 to add under Part II— 
Essential Activities, page 3: 


“Paints and protective coatings for military, naval, and 
marine material, ships, and equipment, for agricultural and 
industrial material and equipment, for container linings and 
electrical insulation; protective coatings for textiles.” 


The attention of colleges again is called to Activity and Occupa- 
tion Bulletin No. 33-5, ‘‘Educational Services—Instruction and 
Administration of General and Vocational Institutions,’ and 
Activity and Occupation Bulletin No. 33-6, ‘‘Educational 
Services—Student Deferment.’”’ When issued, the latter bulletin 
recommended the deferment of students of chemistry, chemical 
engineering, and others in special lines who would be graduated on 
or before July 1, 1945. It now has been amended to read “within 
twenty-four months.” These bulletins remain the considered 
policy of Selective Service, but the reasons therefor are not always 
apparent to the Local Boards, Occupational Advisers, and State 
Directors. That is why the National Roster should be requested 
to give necessary information and advice. Those Local Boards 
which understand the seriousness of the shortage of chemists and 
chemical engineers and its effect upon the war effort, voluntarily 
will request such advice from the National Roster; others should 
be requested to do so. All teachers, students, graduate assistants, 
and industrial chemists and chemical engineers who have not 
registered with the National Roster should obtain from the 
American Chemical Society immediately the necessary forms, 
since it is encumbent upon the Roster to review these question- 
naires along with other evidence before advising Local Boards in 
any individual case. This is important. The American Chemi- 
cal Society with the efficient aid of Erle M. Billings still is co- 
operating actively with the Roster in this effort. 


PROCEDURE 


When it is essential to the efficient continuation of the produc- 
tion effort to obtain, or have continued, the occupational defer- 
ment of a chemist or chemical engineer, the employer should send 
a notarized copy of the registrant’s Form 42-A to the National 
Roster, 10th and U Streets, N. W., Washington 25, D. C., and 
request that reliable information be sent to the registrant’s Local 
Board. As already indicated, the chemist or chemical engineer 
must have on file with the National Roster a record of his training 
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and experience; questionnaires have already been widely circu- 
lated by the American Chemical Society. In those relatively 
few cases in which a chemist or chemical engineer, graduate or 
student, may not be actually employed at such time as he receives 
notice from his Local Board that he is being considered for re- 
classification, the individual concerned may take the initiative 
and write the National Roster about his particular case. In such 
cases the Roster will evaluate the individual’s professional quali- 
fications as well as the need for his services in the war effort and 
will take necessary steps to get this information before the proper 
local board. 

It is advisable to anticipate reclassification at least two or three 
weeks before the expiration of a deferment period. An up-to-date 
Form 42-A should be sent to the Local Board and to the National 
Roster, both copies notarized. If a registrant mistakenly is 
ordered for induction, the National Roster should be informed 
and requested to aid in keeping him in his proper niche in the war 
effort. The Local Board can, and usually will, reopen and re- 
consider the case of any registrant if it can be shown that an error 
of judgment was made, or new evidence is submitted to show that 
the registrant can be more useful to the country in the production 
rather than in the combat army. Both are equally essential to 
winning the war. 

A few Local Boards have ordered up men for induction almost 
immediately after reclassification. Even if such an order is 
given, the employer and the employee have the right of appeal 
within ten days following reclassification. Appeal may, and if 
necessary should, be carried up to the State Director and even to 
the President if the State Director fails to recommend the defer- 
ment of a ‘“‘necessary’’ man in a ‘‘critical occupation.” 

Form 42-A should be filled out with care. The information 
should be stated briefly but should show plainly why the particu- 
lar individual is a ‘‘necessary’”’ man, and why his work is essential 
to the ‘‘national health, safety, or interest.”’ 

Replacements for chemists and chemical engineers are almost 
unobtainable. Earnest attempts to find such replacements 
should be made by contacting the United States Employment 
Service or by writing to the National Roster itself. It is useless 
to write the American Chemical Society. We have been unable 
for several months to find any replacements. For all practicable 
purposes, they do not exist. 


CHANGE OF VENUE 


When appeal is first taken, a request may be made for transfer 
from the Appeal Board where the individual is registered to the 
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Appeal Board where he is working (Selective Service Regulations, 
Sec. 627.11 and Sec. 267.71). If the Appeal Board to which the 
appeal is transferred reverses the Local Board, the latter will defer 
the registrant for whom deferment is requested. This request 
can be made by the registrant or by his employer, but it applies 
only to the first appeal. Therefore, the employer and employee 
should be careful not to cross wires. 

This request for transfer may often be decisive in the decision 
made with respect to the registrant’s classification since the 
Appeal Board where he first registered is likely, in most instances, 
not to have a proper appreciation of the character of work which 
the registrant is performing, sometimes thousands of miles away. 


TRANSFER OF INDUCTION 

Selective Service Regulations, Part 633—‘‘ Delivery and Induc- 
tion’’—gives full details in regard to induction procedure. Under 
this heading will be found Sec. 633.11 entitled ‘Transferring 
Men for Delivery.”’ This section states in brief that if a man has 
been ordered to report for induction and is so far from his own 
Local Board that reporting there for delivery would be a hardship 
he may be transferred for delivery to a Local Board which has 
jurisdiction over the area in which he is at the time located. A 
man desiring so to be transferred must apply to the nearest Local 
Board, present his order to report for induction and request in 
writing that his induction be transferred to the place where he is 
at the time located. This request is made on Form 154. The 
Local Board where he is located is supposed to investigate the 
circumstances of the registrant’s absence from his own Local 
Board area, and if the request is found to be reasonable to endorse 
its approval upon all copies and mail the original via air mail to 
the man’s own Local Board. The latter, upon receipt of such 
request for Transfer of Delivery (Form 154) has no discretion but 
must immediately transfer him and send all pertinent papers to 
the Local Board where he is to be inducted. 

The registrant may consult the regulations at the Local Board 
when he makes the request. The request must be made by the 
registrant himself. 

This procedure is often extremely helpful where the registrant 
is working at a distance from his Local Board. In cases where 
time for further consideration is a factor, it has the additional 
advantage of delaying induction automatically while the transfer 
is being made. This gives opportunity for reopening the case, 
especially where new and important information is available. 

CHARLES L. PARSONS 
Secretary and Business Manager 


‘In a fairly short space of time you can, if need be, turn a chemist into a fighting man; 
but you cannot turn a fighting man into a chemist’’—Vice-Chancellor Sir Hector James 
Wright Hetherington of the University of Glasgow. 


Perhaps the enforced rationing of educational opportunities will cause creative 
teachers to be more appreciated and will give them the priority they have always de- 
served.—Clyde W. Park, ‘‘Thoughts on educational priorities,’”’ J. Higher Ed., 4, 179 
(Apr., 1943). 


A low-water requirement, stainless melamine-urea-formaldehyde synthetic resin 
adhesive has been developed which is suitable for bag-molding of aircraft and boat 
parts. This adhesive contains no filler and adheres at low temperatures to give boil-re- 


sistant glue bonds. 


Two-ply oak bed springs which are glue-laminated have been invented to replace 


metal springs. 










E. 





HE GREATEST waste in the destructive process 
of war occurs in the loss of energy and energy-yield- 
ing substances. Energy is the driving force that impels 
the mechanical as well as the human element in the war 
machine. Both must be given first consideration in the 
effort to maintain the highest possible standards of 
efficiency. When the supply of calories becomes scarce, 
the general public must be the tirst to tighten its belt. 

In modern war economy the competition for poten- 
tial human food is not only between the needs of the 
military and the civilian, but also between the human 
and the industrial. Huge amounts of fats, necessary 
for the manufacture of glycerin, are turned into explo- 
sives, and normal human food crops such as grain and 
potatoes are turned into alcohol, which is used for the 
same purpose. 

Food rationing for human consumption by govern- 
ment edict has again become a reality, and food ration- 
ing of another sort will no doubt come for livestock. 
World dependence on this country as a source of supply 
for food as well as for the munitions of war has already 
become urgent and will endure for a long time after 
peace negotiations start, so that food for both human 
consumption and for livestock may be below the ‘‘ever- 
normal-granary’”’ standard for perhaps a decade to come. 

While this country, even under war conditions, can 
readily produce an abundance of food for its own 
people and livestock, the unlimited demand put upon 
us to prevent starvation of masses abroad will make 
such inroads on our potential productive capacities 
that we shall need to plan the most economic use of 
food at home. Emergency problems must be considered 
in the order of their immediate importance, and we can 
draw on our experience of World War I with profit. 

Animal products are a much more costly form of 
human food than the cereals from which they are pro- 





1 Abstract of an address presented at the Fourth Summer Con- 
ference, University of New Hampshire, August 14, 1942. The 
address, which was written in the spring of 1942, has been pub- 
lished in more complete form as Circular 62 of the New Hampshire 
Agricultural Experiment Station, University of New Hampshire, 
Durham, New Hampshire, June, 1942. 


NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


Calories in Wartime 
G. RITZMAN 


New Hampshire Agricultural Experiment Station, Durham, New Hampshire 
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duced, due largely to the caloric losses in converting 
plant into animal tissue. Hence, under stress of gen- 
eral food shortage, man is usually forced to forego the 
meat in his diet and in its place to consume the cereals 
from which meat is ordinarily made. As a result, live- 
stock meets with severe competition for its position as 
the chief consumer of cereals and as a main source of 
human food. Consequently the problems of animal 
nutrition assume quite a different physiological as 
well as economic aspect from those under normal con- 
ditions. We are now undergoing such a transition, and 
it seems advisable that research and practical nutrition 
should meet the new problems in their true economic 
light. The problem of livestock feeding during the last 
war involved these three vital aspects of the economic 
use of feed stuffs for the best national interests: (1) 
to maintain the livestock population at as high a nu- 
merical level as possible; (2) to utilize substitutes for 
feeds no longer available; and (3) to curtail the feed 
intake whenever it could be done without physical 
damage or economic detriment. In other words, it is 
not a question of what can be dispensed with, but what 
can be dispensed with the longest without loss of effi- 
ciency. 

In the adult population the daily requirement for 
mineral matter, except for lactation, is exceedingly 
small, and most of the demand can be supplied (to 
livestock) in the ordinary forages, if grown under 
favorable conditions. Ordinary salt, of which the 
supply is plentiful, is about the only exception. The 
indispensability of vitamins as protective or regulatory 
factors is beyond question, but there is still much un- 
certainty as to their capacity for body storage as a 
reserve for future use. Protein, of course, forms one of 
the primary quantitative factors which supply material 
for growth and the solids of milk. It must be avail- 
able daily in proportion to the demand, but recent in- 
vestigations indicate that feed standards have tended 
to overestimate the amount of protein required for mod- 
erate performance in both of these functions, and the 
daily demand of the nonlactating, but otherwise active, 
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adult animal is exceedingly small. The demand for 
energy has always had first call in food requirements 
during an emergency. The animal organism operates 
on energy, just as everything else that moves; as a 
consequence the daily demand may vary tremendously. 
A thorough knowledge of available food supplies and the 
physiological ability of the person or animal to function 
as a machine under such altered nutritive conditions 
is imperative. A comparative survey of the amount 
of energy required (1) to maintain health when the 
available food supply is below normal standards 
(minimum safe margin), and (2) to maintain health 
and stamina to perform the normal daily tasks required. 


UNDERNUTRITION 


Research has verified the empirical observation that 
undernutrition in a balanced diet of. requirements for 
growth results in a corresponding decrease or cessa- 
tion of growth. There has been considerable research 
on the permanent effect of such lowered standards, 
indicating that an inability to make up the loss is the 
primary consequence. That is, the animal body remains 
stunted. The degree to which undernutrition causes 
this injury is related to the age at which it occurs, in 
other words, to growth rate. The effect is most pro- 
nounced at birth. It decreases as the animal grows 
older. It has already been shown that animals which 


are made to grow slowly by calori¢ restriction have a 
longer life than those which grow very rapidly under 
heavy feeding, but the lack of any one of the major 


food factors in the very young cannot be continued 
long without dire consequences. 

There is hardly a subject on which the public is so 
misinformed as undernutrition. Undernutrition, as 
indicated by shrinkage of weight, or by a stationary 
weight below that which forms a normal proportion 
to frame dimensions, is nearly as common as mainte- 
nance of surfeit feeding. Nevertheless, public opinion 
fails to distinguish in degree, visualizing it usually in 
terms of its extreme effect, starvation. 

Few people realize that the normal course of nutri- 
tion, as it is imposed on animal life by nature, is a fluc- 
tuating process. Periodic undernutrition is the rule 
rather than the exception. Animals have to be 
equipped to meet such emergencies, or they would not 
survive. Human beings and animals often lose con- 
siderable weight, a loss which physiologically is seldom 
harmful, often is beneficial, and many times is eco- 
omically imperative or unavoidable. Among wild 
animals, particularly the herbivora, undernutrition 
comes as a regular periodical occurrence for four or five 
winter months. During the time they usually bear 
their young the drain is great, and yet wild animals are, 
on the whole, as vigorous and thrifty as domestic stock, 
since they attain a remarkable plumpness by grazing 
during the summer when feed is abundant. It seems 
needless to enlarge here on the frequency with which 
domestic animals on the farm and on the range show 
the marks of enforced submaintenance caused by ill- 
balanced rations or droughts, but brief attention is di- 
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rected to these facts because they have been largely 
disregarded in nutrition investigations. 


PHYSIOLOGICAL EFFECTS OF UNDERNUTRITION ON ADULTS 


It was known that the intensity of such vital activi- 
ties as pulse rate, energy metabolism, glandular activ- 
ity, and the minor muscular or nervous manifestations 
which in the general deportment of the animal are 
marked by differences in alertness of spirit, vary with 
the feed level. The immediate response by which an 
increase or decrease in some of these physiological 
functions follows quantitative changes in feed level was, 
however, a surprise. 

Temperature. No significant difference in body 
temperature was observed in 14 steers subjected to 
tremendous variation in feed level. The skin tempera- 
tures of the control animals were, however, consistently 
above those of the underfed animals, showing that 
underfeeding may be assumed to have an influence in 
modifying skin temperature. 

Pulse Rate. During maintenance feeding of 14 ex- 
perimental steers, the average pulse rate ranged between 
40 and 49 beats per minute. On submaintenance diets 
the animals showed a range of 25 to 37 beats per minute, 
while during the fattening period, when heavy grain 
rations were given, they showed a range of 73 to 89 
beats per minute. The immediate response by which 
the speed of vital machinery is adjusted to changes in 
feed level was evident throughout the course of the ex- 
periments. 

Glandular Activity. Evidence of lessening in glandu- 
lar secretion was noticeable on submaintenance diets. 
This was manifested by change in the tone of hair and 
loss of flexibility of the skin. These changes came 
about very gradually, being first apparent approxi- 
mately one month after submaintenance began. Con- 
trary to the expectation that they would greedily con- 
sume a moderate ration after having been undernour- 
ished for four and one-half months, the animals ate 
slowly and with indifference when they again were fed 
more liberally; in fact, approximately a week elapsed 
before they showed a desire or capacity to handle a 
maintenance ration. This was due, no doubt, to an 
inadequate stimulus in secreting digestive fluids. 

Muscular Activity. Daily observation showed that 
on the whole the animals behaved much more quietly 
and inertly when undernourished than when on main- 
tenance. The gréatest amount of nervous alertness 
and muscular flexion was manifested without excep- 
tion when the heaviest grain rations were fed. 

Energy Transformation. From the purely quanti- 
tative viewpoint, the current demand by the body is 
far greater for energy than for any of the necessary com- 
plex substances: proteins, mineral elements, and the 
food accessories known as vitamins. There are two 
possible ways by which the body can maintain its heat 
when the energy income is cut below maintenance: by 
decreasing the rate of energy expenditure to meet the 
daily income, or by drawing on the body tissue to make 
up the deficiency when expenditure is not decreased. 
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However, all the evidence indicates that the body gives 
up its reserve tissue with great reluctance; while some 
body tissue was withdrawn to make up a food deficiency, 
the immediate effort was to cut down the demand for 
this draft on the body by curtailing muscular activity. 
The general agreement between behavior of pulse rate 
and rate of energy metabolism on undernutrition sug- 
gests the existence of a strong automatic impulse to 
protect the body against a severe drain on its tissue 
when the balance between income and outgo of energy 
is negative. The assumption that the enforced alterna- 


JOURNAL OF CHEMICAL EDUCATION 


tion in the standards of living of wild animals is the 
chief cause of their remarkable vitality and thrift when 
feed becomes abundant is borne out by the results of 
this experiment. 

Loss in Body Flesh. During maintenance, when 
the food protein was about adequate to supply the body 
requirements, the normal body turnover in daily wear 
and replacement of tissue was about five times as great 
as during the lowest level of undernutrition, the econ- 
omy in the latter case due mainly to a corresponding 
reduction in physical and vital activity. 








LETTERS 


Gas! 


To the Editor: 

In view of the amount of instruction that is being 
given in gas defense the following communication may 
be of interest. This was issued to the writer while 
serving as Gas Officer to the First Army A.E.F. 


AMERICAN EXPEDITIONARY FORCES 
OFFICE CHIEF OF CHEMICAL WARFARE SERVICE 
INTELLIGENCE DIVISION 
September 7, 1918 

“Recently mononitrobenzene has been found as a constituent 
of yellow cross shell.* This substance has a marked and persis- 
tent odor of bitter almonds. It should be noted that the odor re- 
sembles that of hydrocyanic acid, but thus far, the enemy has not 
made use of hydrocyanic acid. Consequently, the odor of bitter 
almonds should be taken as an indication of the presence of mus- 
tard gas.” J. H. WALTON 

* Mustard gas. 


UNIVERSITY OF WISCONSIN 
MADISON, WISCONSIN 


e A new type of lignin plastic which can be made from 
farm wastes and used as a replacement for metal for 
many purposes, including some military supplies, has 
been announced. 

Scientists in the Department of Agriculture, where 
the research is being conducted, say that this new ther- 
mosetting plastic can be made from corn stalks, wheat 
straw, flax shives, and other fibrous materials, and that 
it can be made with one-half the phenol-formaldehyde 
resin—a critical war material—commonly required in 
the manufacture of this type of plastic. 


@ In the Black Hills of South Dakota spectroscopic 
prospecting was responsible for discovery of a deposit 
of cesium, the rare mineral used in the manufacture of 
radio vacuum tubes. By spectrographic testing of 
selected samples in a mineralized area, an ore body can 
be traced. The spectrograph, a highly specialized mod- 
ern testing device, detects elements which constitute 
less than 0.001 per cent of a sample. 


e A scale has been designed to enable a blind person 
to enter the field of precision weighing. The scale 
operator wears head phones which give the audible 
signal ‘“‘A’’ in Morse code as long as the scale shows 
under weight and the signal ‘‘N’’ if overweight is re- 
gistered. The correct weight is signaled by an un- 
broken tone. 

The method is similar to that of ‘‘flying the radio 
beam’’ in an airplane. 


e@ That a considerable quantity of electrolytic copper 
may be saved for essential war purposes through the 
increasing use of plastic printing plates was revealed in 
a study recently conducted by the Conservation Divi- 
sion of the War Production Board. In development 
for a number of years, plastic plates have been steadily 
gaining in favor with the printing trades, replacing 
copper-faced electrotypes as used in certain types of 
job and magazine printing. 

The plastic plate is a duplicate plate, like a stereo- 
type or electrotype. An original such as a copper or 
zinc photoengraving, a line cut, or a type form is there- 
fore necessary. 

To make a plastic plate, a plastic matrix is first 
molded from the original. The process is similar to 
that of pressing a seal or signet ring into sealing wax. 
Copies of the plastic plate, from which printing is ac- 
tually done or stereotype mats made, are then struck 
off the matrix in any quantity desired. 
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ORGANIC SYNTHESES. Collective Volume II. A revised edition 
of annual volumes X-XIX. Edited by A. H. Blatt, Secretary 
to the Board, Queens College, Flushing, N. Y. John Wiley & 
Sons, Inc., New York, 1943. xi + 654 pp. 21 figs. 15 X 23 
em. $6.50. 

“Organic Syntheses,’’ Collective Volume II, contains in re- 
vised form the material which appeared in the annual volumes X 
to XIX, inclusive. It is a companion to Collective Volume I and 
in its general plan follows the pattern of the first. In the process 
of compilation, errors found in the original printings have been 
corrected; calculations and references have been checked; and 
modifications and improvements in procedures, which were 
noted in appendices in the annual volumes, have been incorpo- 
rated iu the text. Collective Volume II includes 11 new and im- 
proved checked procedures for the preparation of 2-carbethoxy- 
cyclopentanone, 1,2-dibromocyclohexane, ethyl adipate, ethyl 
methylmalonate, ethyl a-naphthoate, 4-nitrophthalimide, nitro- 
somethylurea (two procedures), pimelic acid (two procedures), 
and triphenylmethylsodium. 

The section on methods of preparation has been revised to in- 
clude those methods of preparative value found in the literature 
covered by Chemical Abstracts through Volume 35, for 1941. 
There are also included some references to articles published in 
1942, but this coverage is not complete. As in Collective Volume 
I, when the indexing name in Chemical Abstracts differs at all from 
the title of the preparation, it is given as a subtitle. Where a 
compound can be purchased for five dollars or less per kilogram, 
the directions for its preparation have again been marked with an 
asterisk. 

This latest addition to an already popular and essential series 
of books is the equal in every respect to previous productions. 
It includes and retains all the characteristic and essential features 
of Collective Volume I. The same five convenient indexes are in- 
corporated. Binding, typography, appearance, and freedom 
from error are outstanding. This is the book chemists have been 
anxiously awaiting since the appearance of the 19th annual vol- 
ume back in 1939. It is gratifying to note that ten annual vol- 
umes have been included in Collective Volume II, rather than the 
nine of Collective Volume I. The appearance of the second col- 
lective volume represents a big step forward in the elimination of 
time and labor for the practicing chemist and the teacher of chem- 
istry. Ra.pu E. DUNBAR 


Nortu Dakota STATE COLLEGE 
Farco, NortH DAKOTA 


(GENERAL CHEMISTRY FOR COLLEGES. Herman T. Briscoe, Pro- 
fessor of Chemistry, Indiana University. Third Edition. 
Houghton Mifflin Company, New York, 19438. viii + 918 pp. 
305 figs. 15.5 X 23.5cm. $4.25. 

The three objectives set forth in the first and second editions 
(cof. J. Am. Chem. Soc., 58, 860-1 (1936)) are retained in the third 
edition, viz., (1) to provide a basis for an appreciation and under- 
standing of the historical development of chemistry, (2) to make 
available to the student the vast fund of information on the struc- 
ture of matter and to help him to use this information in the inter- 
pretation of chemical properties and reactions, and (3) to develop 
the ability to reason, in terms of chemical principles, about the 
world, and about the products of nature and industry. 

The book is intended for students who are ‘‘studying chemistry 
for the first time.’”” The order of presentation and scope of ma- 
terial, however, is such that the book is suitable for students who 
have had chemistry in the preparatory school. 

The definite aim of the author, to provide the factual back- 
ground for principles and theories, explains the rather unusual 
size of the book (918 pages). The author presumes that not all of 
the text is to be covered by the student and that the instructor 
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may adapt the course to meet specific needs. The advisability of 
this selective plan is, of course, a debatable question. Some teach- 
ers may feel that it is too much to expect that the average student 
can cover adequately the historical aspects, the work on the struc- 
ture of matter, and at the same time acquire a reasonable knowl- 
edge of the chemistry of the nonmetals and metals. 

There are 45 chapters, of which 25 deal with the description of 
the elements and their compounds and 20 are devoted to chemical 
theory and principles. ‘Symbols, formulas, and equations” ap- 
pear as chapter 11, and “Ionization” is presented in chapter 26. 

A well-balanced list of review exercises and problems, and refer- 
ences for further reading are included at the end of each chapter. 
The diagrams are well designed and illustrate clearly the princi- 
ples to which they refer, for example, Figure 206, ‘‘An electric 
refrigerator.’ Many of the photographs illustrate new products 
or processes, especially those in chapters 35, 36, 37, which are de- 
voted to carbon compounds. The photographs are very well se- 
lected. 

With regard to statistics on the annual production of important 
materials, ‘the author has attempted to provide data for the 
years immediately preceding the war because such data reflect 
the more nearly normal conditions of industry.” 

In the equations showing reactions for the preparation of oxy- 
gen, potassium chlorate and potassium chloride are written in 
the molecular form (p. 82) while sodium hydroxide as a product 
of the reaction of sodium peroxide with water is expressed as sep- 
arate ions (p. 83). Although a brief introduction to ions is given 
on pages 69-70, the decision as to whether to write a formula in 
the molecular or the ionic form is likely to be very troublesome to 
the student until he has made a more thorough study of ioniza- 
tion (chap. 26). Some teachers might prefer to introduce the sub- 
ject of ionization at a much earlier stage in the course. 

The methods of balancing oxidation and reduction equations 
seem to be rather briefly presented, especially in a text of this 
scope. 

It is apparent that the author has achieved the three objec- 
tives stated in the preface of the text. To teachers of general 
chemistry who have ample time allotted to their course, and 
whose objectives in teaching correspond to those of the author, 
the book can be well recommended. A. J. CURRIER 


THE PENNSYLVANIA STATE COLLEGE 
STATE COLLEGE, PENNSYLVANIA 


SEMIMICRO QUALITATIVE ANALYsISs (A Brief Course). Arthur R. 
Middleton, Emeritus Professor of Chemistry, Purdue Univer- 
sity, and John W. Willard, Assistant Professor of Chemistry, 
Virginia Military Institute. Prentice-Hall Inc., New York, 
1943. x + 254pp. 18tables. 7 figs. 15 X 23cm. $2.75. 
This book is a reduction of the authors’ two-semester course to 

a one-semester course having a six-hour laboratory period. The 

authors profess to keep in mind the needs of both the students 

who intend to major in chemistry or chemical engineering and 
those who desire only a practical knowledge of qualitative analy- 
sis. 

The book is divided into two parts: Part I, Theory, and Part 
II, The Laboratory Work. The first chapter in Part I begins with 
various definitions and then proceeds to explain in greatest detail 
the methods for solving several types of problems, such as those 
involving concentrations, weight relations, and normal solu- 
tions. The second chapter deals exclusively with the use of log- 
arithms. ' 

Following this is a comprehensive treatment of chemical 
valency and atomic structure, including much valuable material 
on complex ions. Then follow chapters on the periodic table, 
writing and reading of equations, chemical reactions, ionization, 
and solution of equilibrium problems, until the midpoint of the 
book is nearly reached. 
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It is unfortunate that on page 64 the authors define reaction 
velocity as, “‘. . . the time required (that is, the speed of the re- 
action). . .,” and on page 72, where they apply the Law of Mass 
Action, they state: ‘“The molar concentration of solvent water is 
to be taken as constant and therefore omitted from equilibrium 
expressions.” No quantity unless it is an infinitesimal of higher 
order is ever ‘‘omitted” from an equation. 

The second part of the book (The Laboratory Work) begins 
with an excellent description of microtechnique, but no descrip- 
tion of microequipment is included. The importance of an or- 
derly and accurate notebook is stressed, and suggestions are made 
_ as to the best methods of recording results and tabulating data. 

The following chapters include a brief but adequate outline of the 
chemistry of the various elements tested for in the scheme of 
analysis, preliminary experiments for each group, and then de- 
tailed directions for the analysis itself. 

The scheme of analysis used is quite conventional, and direc- 
tions and notes appear to be adequate. The author makes the 
common error of stating that the red color formed by the reac- 
tion between Fet** and (SCN)~ is Fe(SCN).s——~, whereas 
Bent and French have shown it to be Fe(SCN)** in water solu- 
tion. The authors are extremely meticulous in their nomencla- 
ture and at times rather unconventional. The appendix contains 
a list of apparatus, a list of solubility products and equilibrium 
constants, and the answers to the problems. 

After reading the book through one gets the impression that 
the authors lost sight of the students who desire just a practical 
knowledge of chemistry and wrote for the chemical major who is 
especially susceptible to the problem method of learning chem- 
istry. 

Epwarp O. HotMgs, JR. 


Boston UNIVERSITY 
Boston, MASSACHUSETTS 


THe CHEMISTRY OF POWDER AND ExpLosives. Volume II. 
Tenney L. Davis, Emeritus Professor of Organic Chemistry, 
Massachusetts Institute of Technology, and Director of Re- 
search and Development, National Fireworks, Inc. John 
Wiley & Sons, Inc., New York, 1943. ix + 298 pp. (pp. 
191-489). 106 figs. 14 K 21.5cm. $3.00. 

In the preface the author states, ‘“This second volume preserves 
the point of view of the first volume and fulfills the plan which 
was outlined in its preface.’”” The book was written for the pur- 
pose of informing chemists, already well trained, concerning the 
modes of behavior of explosive substances and concerning the 
phenomena, both chemical and physical, which they exhibit. 
This the book does well. 

More of the chemical engineering such as included in the section 
treating single-base powder would have been welcomed by the 
average serious student of explosives. Since the author did not 
set out to include any chemical engineering aspects, the above is 
not offered as criticism but as a lament. 

Current interest in explosives arises from the great military use 
of them. There are many tests that must be made upon military 
explosives and many others that are frequently made. A large 
number of these tests are chemical, and this reviewer would like 
to have seen a section of Volume II treat this very important 
topic. 

The chapter headings of Volume II are: V, Nitric Esters; 
VI, Smokeless Powder; VII, Dynamite and Other High Explo- 
sives; VIII, Nitroamines and Related Substances; IX, Primary 
Explosives, Detonators, and Primers. The index is exception- 
ally well done, there being twenty-six pages of subject index and 
four of author index. 

All of the useful explosives are treated quite thoroughly from a 
chemical point of view, frequently with the aid of structural for- 
mulas. The treatment of nitroguanidine and guanidine nitrate 
deserves special mention because of its excellence. 

In this reviewer’s opinion this two-volume treatment of ex- 
plosives is a ‘‘must’’ on the list of books for the library of any 
serious student of explosives. AvuBISON T. BuURTSELL 


COLLEGE OF THE CiTy oF New York 
New Yor«t, New Yore 
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TREES AND Test Tuses. Charles Morrow Wilson. Henry 
Holt and Company, New York, 1943. xii + 352 pp. II- 
lustrated. 14.5 X 21.5cm. $3.50. 

“Trees and Test Tubes” is Charles Morrow Wilson’s twelfth 
book and is based upon years of first-hand experience in the 
American tropics where he lived on an experimental rubber 
plantation in Central America. Nowhere has the reviewer 
seen a more comprehensive, dramatic panorama of rubber 
history than in this story of rubber from its discovery to the 
present day, with a full account of the rubber crisis and its 
future solution, including a complete text of the Baruch reports. 
There is an intriguing chapter on that tragic and gallant figure, 
Charles Goodyear, ‘‘the greatest of all rubber inventors,” who 
changed overnight an interesting curiosity to a vital substance 
of the modern industrial world. The chapter on “Fordlandia” 
is an amazing story of Mr. Ford’s rubber venture in Brazil 
which found Mr. Ford with three million Brazilian rubber 
trees to the good in 1941 with a future prospect of twelve to 
fifteen million pounds, thus bringing back to the Americas 
American-born rubber. There are interesting and informative 
chapters on synthetic rubber and elastomers, the rubber crisis, 
and the present war consumption of rubber. Mr. Wilson 
laments the complacency which was responsible for not providing 
for this contingency and concludes his remarkable book by look- 
ing into the future, paying tribute to all men, brown, red, yellow, 
and black, as well as to the white men who process our tires 
in a rubber-dependent world, by saying, “I believe that the 
forthcoming Western rubber lands can and will be lands of 
free men and private enterprise, that the growing of rubber will 
merge into a new and better order of hemisphere agriculture 
and trade—an order free of international cartels which profited 
at the expense of tropical peoples.’”” For understanding and ap- 
preciation of a strategic material this book deserves the attention 
of every thinking American. 

GRETA OPPE 


Bactvi HicH ScHoo. 
GALVESTON, TEXAS 


A MANUAL FoR EXPLOSIVES LABORATORIES. Volumes 1 and 2. 
G. D. Clift and B. T. Fedoroff. WLefax Society, Inc., Philadel- 
phia, Pennsylvania, 1942-43. 219and262pp. 7.7 X 17.7 cm. 
$2.25 per vol. 

' The first volume of this manual describes the analytical 

methods for the analysis of mixed acids, oleum, and spent acids. 

Other analytical methods used in the production of mixed acids 

for TNT production, tests for toluene and TNT, also the purifica- 

tion of TNT and the separation and identification of impurities 
in TNT are mentioned. The nitration of toluene is treated by 
the authors, who are experts in this field, with skill and authority. 

The production of glycerin trinitrate, cellulose nitrate, amatol, 

picric acid, nitro starches, tetryl, black powder, and primers are 

well treated, but somewhat less extensively than the production 
of TNT. 

The second volume contains a descriptive list of explosive 
compounds and allied substances which is welcome to every- 
body doing research and production work in the field of ex- 
plosives. 

Recently the American literature has been enriched by the 
publication of two volumes of the “(Chemistry of Powder and 
Explosives” by Professor Tenney L. Davis and the “Manual of 
Explosives, Military Pyrotechnics and Chemical Warfare 
Agents” by Professor Jules Bebie. The two-volume ‘Manual 
for Explosives Laboratories’ by Clift and Fedoroff is a very 
valuable addition to these books. It is written by experts who 
have broad practical experience in the production of explosives. 
Both volumes of this work are of importance. They contain 
the description of laboratory investigation methods for raw 
materials, intermediate products, and final end products in the 
field of explosives. They contain, furthermore, a very extensive 
bibliography. 

E. BERL 


CARNEGIE INSTITUTE OF TECHNOLOGY 
PitTsBuURGH, PENNSYLVANIA 
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Witnout Fame. Otto Eisenschiml. Alliance Book Corporation, 
Chicago and New York. 368 pp. 15 X 28cm. $3.50. 


A feeling of dissatisfaction with their economic lot has long 
been. growing among the present-day chemists. One of the most 
important committee reports in recent years to the American 
Chemical Society was devoted to it. ‘Without Fame’’ is in- 
tended to characterize the whole chemical profession. The 
author has two complaints, which he frankly allows to run 
through the whole work: The world does not properly ap- 
preciate the chemist and the services which he renders to society; 
and the educational process through which he goes does not prop- 
erly prepare the young chemist for the sad realities of the world 
which he will soon meet. 

The author draws upon an abundant experience to press 
these points home. On the other hand, this account of the strug- 
gles of a young, ambitious chemist is anything but lugubrious. 
We hang with bated breath over the brink of failure, only to re- 
joice in the eventual success. Pointedly, virtue, persistence, 
and sound virtue have their just rewards. One feels repeatedly 
impelled to glance back at the title page to see whether, after 
all, this weren’t written by Horatio Alger. 

It is amazing that anyone should be able to remember so much 
of what happened to him in a long and eventful life—and so 
much that happened to others around him. Bits of philosophy 
call forth personal experiences and anecdotes, and vice versa. 
One learns about life in Vienna, where the author was born an 
American, the son of a naturalized Bohemian who had returned 
to his native land. One shares the struggles of the author 
through his early life, through the Realschule, through the 
technical school, where he prepares to ‘‘serve mankind”’ as a chem- 
ist even though his professors predict that he will live to regret 
it. His joys in the little town of Baden, his adventurous emigra- 
tion to this country, against the maternai wish; his apprentice- 
ship and rise to reponsibility in the steel industry; the growth 
of the wanderlust which drove him to Chicago; his disillusion- 
ment and eventual success as an expert in the chemistry of oils; 
his reluctant abandonment of chemistry for the more substantial 
returns of business—all these things make a fascinating tale which 
any young chémist can read with great interest and profit. 

One appreciates the background against which the author has 
built such an excellent record in the field of labor relations. 
His feeling for the troubles of others leads him to dilate on the 
deficiencies of our system of scientific training. 

‘‘Each chemical task consists of three entirely separate parts: 
the first is to find a good problem; the second is to solve it; 
the third is to sell the solution.’”” Our educational efforts are 
too often limited to the second of these, to the solving of problems 
which others have set, with no regard to the practical marketing 
or utilization of the solution. The result, as he saw it, was 
that ‘‘most Doctors of Philosophy were fine chemists, nothing 
more.’’ By implication, our training should go beyond this. 

A specific comment upon the chemical curriculum, which may 
not be shared by others, is: ‘Routine analytical chemistry 
has long become a mere mechanical art and should be separated 
from the curriculum of a real chemistry student.’’ One wonders 
what would have become of him, in the early stages of his career, 
if he had not been well grounded in this mere mechanical art. 

Human qualities crop out frequently: in his tolerance for the 
Biblical prophesy of the World War; in the interval of his 
enthusiasm for phrenology; even in his setting up the expression 
MV? to represent power, when he proposed to turn the scrutiny 

of exact physics upon the dictum, ‘‘Knowledge Is Power.” 

The brief accounts of the earlier days of Chicago Section of the 
American Chemical Society are full of good suggestions, especially 
the one made in connection with his own first paper; which de- 
serves inclusion in the Directions to Authors: 

“In my opinion, to read a paper from notes is a discourtesy 
to the audience. If a man does not command his subject well 
enough to talk freely about it I do not think he is worth listening 
to.” 


Norris W. RAKESTRAW 


BROWN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 
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PROTEINS, AMINO ACIDS AND PEPTIDES AS IONS AND DIPOLAR 
Ions. Edwin J. Cohn and John T. Edsall, Harvard Medical 
School, including chapters by John G. Kirkwood, Hans 
Mueller, J. L. Oncley, and George Scatchard. American Chem- 
ical Society Monograph Series. Reinhold Publishing Corpora- 
tion, New York, 1943. xviii + 686 pp. $13.50. 

This is the most recent addition to the rapidly growing list of 
books that deal with the chemistry of the amino acids and pro- 
teins. The fact that there is now a considerable number of texts 
and monographs bearing on this subject is indicative of the in- 
creasing amount of research work that has been and is being car- 
ried out in this field. 

The monograph does not attempt to cover all aspects of the 
chemistry of the amino acids, peptides, and proteins. It is not a 
suitable text to introduce a beginning student to the field. No 
attempt is made to develop the subject from an historical stand- 
point or even to point out all of the classical experiments on which 
our present knowledge of amino acids and proteins is based. The 
reader will find little or no mention of the mode of synthesizing 
amino acids and peptides, the application of the mass law, the 
theory of the dissociation of amphoteric electrolytes, transport, 
Donnan membrane equilibrium, complex ions, or electrophoresis, 
as developed by Tiselius, to mention only a few of the leading 
topics. 

The text is essentially a compilation of that part of the chemistry 
of the amino acids, peptides, and proteins in which the interests of 
the authors and their associates have centered. Extensive appli- 
cation is made of the zwitterion concept as developed by Adams, 
Bjerrum, and others and the Debye-Hiickel theory of interionic 
forces in solutions of electrolytes. These concepts are of funda- 
mental importance to the understanding of the behavior of amino 
acids and proteins. However, they are by no means the only 
ones. Viewed from a historical standpoint our knowledge of 
the behavior of amino acids and proteins has been built up by the 
judicious application of many of the fundametal concepts of 
chemistry and physics to this class of compounds. A lot of in- 
genuity has been shown by workers in devising suitable tech- 
niques. As might be expected, some theories have been promul- 
gated by certain individuals that were not based on sound experi- 
mentally obtained data, and considerable effort was required in 
order to bring the subject back into channels of rigorous thought. 
Out of all of this, however, have come experimental data which, 
as far as the subject has gone, have placed the chemistry of this 
class of compounds on a firm basis. It is to be regretted that no 
discussion was given of the brilliant work of recent years which 
has shown that in vivo the proteins constitute dynamically mobile 
systems. 

The monograph will be found very useful to students who have 
had a course dealing with amino acids and proteins (which un- 
fortunately too few of our universities offer) and who are suffi- 
ciently mature to engage in research work. The authors have as- 
sembled a large amount of data that are presented in tabular 
form and they have quoted extensively from the literature bearing 
on the subject under discussion. From this standpoint alone the 
book will be found of great convenience to workers. Extensive 
use is made of mathematics. Adequate preparation in this sub- 
ject is a necessary prerequisite to the understanding of the dis- 
cussions. Difficulty will be encountered as to the meaning of the 
symbols employed unless the table in the back of the book is con- 
sulted, since in different chapters of the monograph the signifi- 
cance of the symbols differs and many of the terms employed do 
not conform to standard convention. Many readers prefer to 
have the symbols defined in the place where they are used. The 
inclusion of an author index would have facilitated greatly the 
use of the monograph. 

From a pedagogical standpoint the sequence of chapters might 
have been arranged to better advantage. Thus chapter 2, which 
discusses the application of spectroscopy to the determination of 
the state of amino acids when in solution, is followed by a chapter 
dealing with thermodynamics and simple electrostatic theory 
wherein no direct application is made to amino acids. The se- 
quence of amino acid thought is again taken up in chapter 4, 
which deals with dipolar ions and acid-base equilibria. Similarly, 
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in Part II, which deals chiefly with proteins, one might have ex- 
ected that chapter 15, in which the amino acid composition of 
proteins is discussed, would precede chapters 13 and 14 which 
assume some knowledge of the relation of amino acids to proteins. 
Like criticism may be made of the sequence of other chapters in 
the volume. Each of the chapters reflects the interests of the au- 
thors rather than an attempt to convey to the reader an inte- 
grated view of the subject as a whole. However, for reference 
purposes, this does not constitute a material handicap to the use 
of the monograph. 

The price of books that are appearing at the present time is a 
deterrent to their wide sale to college students. The writer is of 
the opinion that graduate students should purchase some books 
that will always be of use to them, especially in their field of in- 
terest, rather than depend on a library, and he has encouraged his 
students to do this. It is becoming increasingly difficult for stu- 
dents to accumulate books for a small working library. 

Aside from the points that have been mentioned and other 
shortcomings that might be pointed out in a more extensive re- 
view, Cohn and Edsall’s monograph must be considered as a con- 
tribution to the literature of amino acids, peptides, and proteins 
and should find a place in all laboratories whose interests lie in 
this field. The reader should not expect to digest its contents in 
an afternoon nor even in a longer period of time. A lot of hard 
work is required to assimilate the facts. Having done this, he 
will have gained a rather thorough knowledge of at least a por- 
tion of the available information relating to the chemistry of this 
important and most interesting class of compounds. He will also 
realize that the field is by no means a closed one. A lot of hard 
work, of the type that will test the ingenuity of at least another 
generation of workers, will have to be carried out before the chem- 
istry of the proteins can be considered in a fairly satisfactory 
state, especially from the organic standpoint. 

Car L. A. SCHMIDT 


UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


Dwight E. Gray, Associate 
First Edition. 
xii + 


MAN AND His PuHysicaAL Wor LD. 
Professor of Physics, The University of Akron. 
D. Van Nostrand Company, Inc., New York, 1942. 
665 pp. 218 figs. 15 K 23 cm. $3.75. 

This book represents ‘‘the outgrowth of several years of ex- 
perience as the director of a science survey course required of all 
students except those majoring in a scientific field. Conse- 
quently the book is concerned primarily with the instruction of 
those students for whom it will constitute the principal, and in 
many cases, the only formal college contact with existing knowl- 
edge in the fields of astronomy, chemistry, geology, and physics.”’ 

The book contains 33 chapters arranged in units entitled, 
‘Man and the Universe,’’ ‘‘Man and the History of the Earth,” 
‘‘Man and the Tools of Science,’ ‘‘Man and Materials,”’ ‘‘Man 
and Energy,’ and ‘‘Man Applies Science.’”’ Each chapter is accom- 
panied by the following types of questions: discussion questions, 
multiple choice questions, and true-false exercises. ‘‘The dis- 
cussion questions are intended to be useful in promoting class- 
room discussion, while the multiple choice and true-false exer- 
cises are based entirely on the textbook and may be used for 
grade-determining quizzes.’’ There is an excellent Reading 
List in the appendix. 

The book is well written in clear English and the style is 
stimulating. Teachers of physical science, who are interested 
in a text for a survey course in physical science in a program of 
general or liberal education, will find it an interesting and an 
original treatment of the subject. 

There is always great danger of oversimplification in writing 
a text of this kind. Loose statements and the sacrifice of sci- 
entific accuracy result. The reviewer found that the author 
was guilty of this common fault in a number of instances. 
However, the principal criticism, in the opinion of the reviewer, 
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is that the text lacks balance among the several subdivisions of 
physical science. Being a physicist, the author has yielded to 
the natural temptation of overemphasizing his own chosen 
field; more than half of the book is devoted to physics and its 
applications. 

The part that chemistry plays in physical science is inade- 
quately treated. 

The following are a few of the loose statements in the text 
which should be corrected. 

On page 265, ‘‘Nitrogen is prepared commercially by the 
fractional distillation of air and from deposits such as those men- 
tioned above.” (Nitrate beds of Chile?) The implication is 
misleading. 

On page 272, ‘‘Water that is absolutely pure can be prepared 
only by distillation.”” ‘‘Pure’’ should be defined. 

On page 275, the author fails to mention the need of a cayalyst 
in discussing the subject of hydrogenation. Also, the im- 
portant present use of hydrogen in the manufacture of ammonia 
is omitted. 

Page 309, the reviewer believes the state of Arizona might 
challenge the statement ‘“‘The most valuable copper deposits in 
the United States are in northern Michigan.” 

Page 267, ‘‘On the Fahrenheit temperature scale, water 
freezes or solidifies at 32°F. and boils or vaporizes at 212°F.” 
The effect of pressure on the boiling point should be mentioned. 
Also, water vaporizes throughout its liquid temperature range. 

C. S. ADAMS 


ANTIOCH COLLEGE 
YELLOw SPRINGS, OHIO 






THE CHEMISTRY OF NATURAL COLORING MATTERS. The 
Constitutions, Properties, and Biological Relations of the 
Important Natural Pigments. Fritz Mayer, formerly Profes- 
sor of Chemistry in the University of Frankfort-on-Main. 
Translated and Revised by A. H. Cook, Professor of Chemis- 
try, Imperial College of Science, London. American Chemi- 
cal Society Monograph Series. Reinhold Publishing Corpora- 
tion, New York, 1948. 354 pp. 15 X 22.7cm. $10.00. 
This excellent monograph will be welcomed by all chemists 

interested in the naturally occurring pigments. Although it is 

based upon the 1935 edition of Professor Mayer’s ‘‘Chemie der 
organischem Farbstoffe,’’ the material has been entirely revised 

and rewritten. The death of Professor Mayer in July, 1940, 

threw the entire burden of translation and revision upon Dr. 

A. H. Cook who has accomplished the task admirably. } 
This monograph provides reference material concerning the 

constitution and chemical and physical properties of the natural 
pigments. Whenever possible the biological aspects and rela- 
tionships are pointed out. Over 5000 references to early and 
recent literature (to June, 1941) concerning the source, isolation, 
structure, and syntheses of pigments occurring not only in flow- 
ers and fruits but also in roots, seeds, leaves, wood, bark, resins, 
fungi, lichens, insects, bacteria, algae, worms, milk, eggs, liver, 
etc., are included. 

The treatment is clear, concise, and organized from a chemical 
point of view. The material is presented in five main chapters: 
Carotenoids (92 pp.), Diaroylmethane Compounds (3 pp.), 
Carbocyclic Compounds (59 pp.), Heterocyclic Compounds 
(containing heterocyclic oxygen atoms) (108 pp.), Compounds 
Containing Heterocyclic Nitrogen Atoms (70 pp.). There are 
numerous subdivisions under these main headings, and a good 
author index and a subject index are provided. 

Both the author and the translator are to be congratulated for 
providing research workers with this thorough review of a very 


extensive field. 
R. L. SHRINER 


INDIANA UNIVERSITY 
BLOOMINGTON, INDIANA 
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Jacob Green, 1790-1841 
(See page 418) 
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io MANY ways the war has brought chemistry into 
closer relation with the neighboring fields of physics 
and engineering and has forced a comparison not only 
of our respective possibilities and accomplishments 
but even of our ways of managing our own affairs. 
But so far as we know, no one has made a serious 
attempt to compare our organized efforts at education. 

First, to get some idea of our respective sizes, the 
American Chemical Society numbers something over 
34,000. This is supposed to include nearly half the 
chemists in the country. The last report on the size 
of the American Physical Society is 4300. The case 
of the engineers is a little different. There are esti- 
mated to be about 280,000 in the country, but since 
they are not quite so homogeneous a group as the 
chemists or physicists, a total of the membership of 
the various engineering institutes would not have quite 
the same meaning as the membership of the chemical 
or physical societies. 

However, the Society for the Promotion of Engineer- 
ing Education is a strong and influential organization 
with a membership of 3461, that is, approximately 1'/, 
per cent of the engineers of the country and 60 per cent 
of the teaching staff of 166 listed engineering schools. 
The American Association of Physics Teachers is an 
independent organization, with no organic relation to 
the American Physical Society, and with 1140 members. 

The corresponding organization in the field of chem- 
istry is the Division of Chemical Education in the 
American ‘Chemical ,Society, whose membership is 
difficult to estimate fairly. Of paid members there 
have not been more than 200 for many years, one-half 
of one per cent of the Society’s membership. But 
perhaps this does injustice, since the payment of dues 
to the various divisions of the Society is voluntary, and 
any member of the Society has the right to take part 
in the activities of any division by merely announcing 
his desire to do so. Asa matter of fact, paid-up mem- 
bership is not even a prerequisite to election to office in 
the Division. Nevertheless, very few nonpaying mem- 
bers participate in the affairs of the Division beyond 
delivering an occasional paper. All in all, the os- 
tensible numerical record of the representative or- 
ganization of chemistry teachers is not impressive. 
So let us turn from quantity to quality. 

The Society for the Promotion of Engineering Educa- 
tion includes some of the most prominent engineers, 
deans of engineering, and presidents of engineering 
schools, who play a dominant part in it. Some of the 
most prominent physicists hold membership and 
office in the Association of Physics Teachers. 

And how is it with us in chemistry? With few ex- 
ceptions, the heads of our large departments of chem- 
istry, the deans of our schools of chemistry, our highest- 
reputed professors of chemistry—all of whom should 
be considered outstanding ‘‘chemical educators’’—are 
either too preoccupied with other matters to be con- 
cerned with the one professional organization in this 
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field, or feel that the efforts of that organization are 
not worth their active cooperation. 

This is not the mere acidity of “‘sour grapes’; it is 
an honest inquiry into the trouble. Why are so many 
of our prominent “‘chemical educators’ so uninterested 
in the Division of Chemical Education? The trouble 
may be within our own organization, or it may be more 
or less inherent in a situation which can be altered. 

The main difficulty is perhaps to be found in the fact 
that chemical education covers such a long range in 
the educational scale—practically from the elementary 
to the graduate school. The interests of few people 
are so wide as to include all this. At the lower end the 
effort is to make chemistry popular and understandable 
to the layman, while at the upper end it is directed 
entirely to the technical training of professional 
chemists. Perhaps no one has time to give more than 
passing attention to both general and professional educa- 
tional problems. And it is true that the Division of 
Chemical Education was established by pioneers who 
were concerned with problems at a more or less ele- 
mentary level.!. Perhaps this was unfortunate; never- 
theless, it should not make the unification of the field 
impossible. 

To a certain extent, the situation is an outgrowth of 
the old conflict between teaching and research. The 
Division has always been a meeting ground for those 
whose interests and abilities have been more largely 
in the former than in the Jatter activity. To suggest 
that it therefore consists largely of ‘‘second-raters’’ 
would, of course, bring forth a cry of indignation. 
Moreover, to those at the upper end of the educa- 
tional scale ‘‘teaching’’ has always implied different 
aims and methods than to those at the lower end— 
and vice versa. The high-school teacher and the 
graduate professor cannot speak the same educational 
language; it is beside the point to dispute which has 
the proper “dialect.” 

It is appropriate—but probably useless—to point 
out that as prominent and highbrow a scientist as 
Michael Faraday thought it worth while to deliver 
lectures to children, in the halls of the Royal Society. 
We do not suggest that our best present-day chemists 
are unappreciative of the value of elementary science 
education, nor deplore the fact if it is true. We merely 
point it out as a possible factor. 

The activities of the Division have been thought by 
some to be too much dominated by the views of the 
“educationists,’’ and none seem to be so suspicious 
of these folk as do the “researchers.” Which is a bit 
strange, perhaps, since the educationists are the 
researchers in their own field, and this ought to entitle 
them to talk, at least, even though the listeners don’t 
like what they say. But that is beside the point. 

There is no denying that the training of chemists is an 


(Continued on page 437) 
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Jacob Green, Chemist, 1790-1841 


EDGAR FAHS SMITH 


HE subject of this sketch was a quiet, earnest worker 
in the field of science, probably one of that group 
called by Carlyle, 
the noble, silent men scattered here and there, each in his own 


department, silently thinking, silently working, whom no morn- 
ing newspaper makes mention of! They are the salt of the earth! 


And Dr. Green’s enthusiasm for science and his 
earnestness in its pursuit are beautifully portrayed in 
the following lines from his pen (1834): 


It is not from the products of the earth, nor from the crude ma- 
terials with which a country may abound, that her resources must 
arise; but wealth, power, and usefulness must be sought, by en- 
couraging and pursuing that active and profound knowledge 
which ascertains the principles, qualities, combinations, and use 
of the animal, vegetable, and mineral kingdoms. How important 
then it is for every community to give to the pursuits of science 
that encouragement which she requires and of right demands. 
Great and almost equal is her influence on national independence 
—as on personal character. No axiom is more generally true in 
its individual, and none more certainly true in its national appli- 
cation, than that knowledge is power. How wonderful and strik- 
ing the difference between the poor, the rude and wandering sav- 
age of our western wilderness, trembling before the elements, 
depending on his solitary, unaided exertions for food, for shelter, 
for clothing, and for arms; with the civilized man who, strong in 
the resources of science and society, rides over the ocean, even on 
the wings of the tempest, who directs his course over the pathless 
expanse by night or by day, with unerring certainty, who disarms 
the lightning of its power, who subjects the stars to his calcula- 
tions, fixes the period of their revolutions, measures their dis- 
tances, and estimates their weight, as by a balance, who ascends 
the airy canopy of heaven, penetrates into the profound recesses 
of the earth, or plunges into the depths of the sea; who robs dis- 
ease of half its terrors; makes fire, air, earth, and water his 
ministering servants; “and standing, as it were, on the confines of 
nature, seems, as by a talisman, to give energy and life to the very 
atoms of matter.” 


Could Green have dreamed of the marvels and wonders 
science would disclose in the ensuing century? 

In boyhood he developed a taste for botany and 
made an extensive collection of plants; the other 
sciences also jealously contending for his attention. 
For, shortly after receiving his A.B. degree in 1807 
(University of Pennsylvania), he joined his friend 
Erskine Hazard in the preparation and publication of 
“An Epitome of Electricity and Magnetism—by two 
gentlemen in Philadelphia—1809.” The authorship 
was long unknown, but the excellence of the work, its 
cordial reception, and its prompt adoption very likely 
caused the young authors to divulge their identity. 
Their effort brought them a worthy reputation. It 
must be remembered that as Green was but 17 years 
of age when he graduated (1807) as valedictorian of 
his class, he was, on the appearance of the “‘Epitome,”’ 
stillin his teens. The encomiums of such distinguished 
men as John McDowell of the University of Pennsyl- 


vania, John Maclean of Princeton, and Jeremiah Day 
of Yale, all professors of Natural Philosophy, were not 
thoughtlessly bestowed, and to them the ‘‘Epitome”’ 
appealed strongly. It is a delightful as well as a 
remarkable book. It gives a condensed but illuminating 
history of electricity and devotes more than half of its 
pages to experiments which, as they are described, 
evidently represent the trials made by the young 
authors themselves. The ‘‘Epitome” is now a rare 
volume. Students of science in general would find 
genuine pleasure in its perusal. A student of elemen- 
tary physics would lose nothing in acquainting himself 
with its contents. 

Nearly every member of Green’s college class (1807) 
became distinguished in some field of endeavor. For 
example, David F. Schaeffer was a founder and presi- 
dent of the General Synod of the Lutheran Church, 
as well as the editor of the Lutheran Intelligencer from 
1826-1831; Samuel H. Turner was Professor of 
Hebrew in Columbia University for 31 years; Thomas 
I. Wharton was editor of the Analectic Magazine and 
contributor to the famous Portfolio, while Jacob Gratz 
figured prominently as a State Senator and promoter 
of the Canal System of the State of Pennsylvania. 
There being in the class of 1807 a goodly sprinkling 
of candidates for the ministry of whom Green was fond 
and 
as his mind was deeply imbued with religious feeling and a strong 
sympathy for his fellow creatures, of whatever race, color or 
condition, 


many thought that he would enter that profession. 
However, to medicine he turned, ‘‘but witnessing sev- 
eral severe surgical operations’ he espoused the law, 
was admitted to the bar, and entered upon a successful 
practice. More congenial pursuits were still insistently 
beckoning to this possessor 

of a mind well stored with a knowledge of the natural sciences 
and of English literature, especially poetry, of which he was re- 
markably fond. 


His contributions in these fields constituted his avoca- 
tion rather than vocation, and with such excellent 
results did he work that in 1812 he was elected an 
honorary member of the class of 1812 at Rutgers 
College and given an A.B. degree which, three years 
later (1815), was changed to A.M., and in that same 
year Princeton awarded him its A.M. gratiae causa. 
Plainly he was making his imprint. 

While in Albany in 1814 Green delivered an address 
before the Society for the Promotion of Useful Arts 
on the “Botany of the United States.”’ It was able, 
timely, and replete with most valuable information. 
He also submitted to the Society ‘‘A Catalogue of 
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Plants Indigenous to the State of New York.” It was 
published. The ‘plants cataloged had been collected 
by Le Conte, Pursh, Eddie, Whitlow, Edmonston, 
Beck, ‘‘and myself.”’ 

Other sciences, genuinely loved by him, were calling 
but personal matters, deserving notice, are now due. 
To begin, Green was socially well connected. On his 
father’s side he could claim Abraham Pierson, Yale’s 
first President, as a great-great-grandfather, while 
his mother was a daughter of Richard Stockton, Egsq., 
of Princeton—a member of an intellectual and promi- 
nent New Jersey family. He bore the name of his 
grandfather, Jacob Green, a Harvard graduate who, 
however, gave his life and means to the upbuilding 
of Princeton; indeed, he served the latter institution 
as administrative head holding the title of Vice- 
President. The father of Jacob Green, the scientist, 
was Ashbel Green, who, as a stripling, served in the 
militia of the Revolutionary War. Later he entered 
Princeton, graduating with the valedictory of his class 
and became a tutor in the college. Ashbel Green 
hesitated between the law and the ministry, the latter, 
in the end, winning him. His post was first as assist- 
ant, then as full pastor of the Second Presbyterian 
Church in Philadelphia (the Church of the revered Dr. 
Sproat) where he was active for a period of 25 years, 
when the invitation to the presidency of Princeton came 
tohim. In this appointment he continued from 1812 to 
1822. The universal opinion was that Ashbel Green 
was a truly great, good, humble, and devout man. 


With a spiritual and intellectual background as here 
indicated it is not at all surprising that in due course 
Jacob Green himself should have won from the public 
the expression that 


honesty and uprightness were dominant traits in his character, 


that 


he was a most excellent Christian gentleman and chemical philos- 
opher, 


and hence one is quite prepared for this statement in 
Maclean’s “History of Princeton”’: 


The most important measure at this meeting of the Board 
(1818) was the erection of a professorship, under the title ‘‘the 
Professor of Chemistry, Experimental Philosophy, and Natural 
History,” and the election of Jacob Green, a son of President 
Green, to fill this newly-established chair, his salary to be one 
thousand dollars a year. The professor-elect took the usual oaths 
at a special meeting of the Board on the 24th and 25th of Novem- 
ber (1818). 


And in the “Life of Ashbel Green” appears this note: 


On October i8th I attended again the meeting of the Board of 
Trustees. My son Jacob was appointed professor of chemistry 
and experimental philosophy. I hope this will be a blessing to 
him as I have looked to God to order the matter for his glory, and 
for the good of the college and of my son. 


The “History of Princeton’ also sets forth that: 


The measure creating a new chair did not originate with Presi- 
dent Green, but when proposed to him he favored it, and wisely 
maintained its propriety and importance, irrespective of the 
person who might be called to fill it. 
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Thus, at 28 years of age, Jacob Green was launched 
upon his first professorial venture. It will be interest- 
ing to follow him in his scientific career. There was 
very little with which he could prosecute his labors 
if one may judge from the college statement 


that Professor Green be allowed a room in the college with the 
usual perquisites of a tutor. 


His working tools were few and very inadequate for 
the purposes he had in mind. The bill assigned Green, 
viz., ‘chemistry, experimental philosophy, and natural 
history’’ was also no small consignment. Among the 
readers of these lines may be some who will recognize 
in Green’s duties something akin to what they did even 
years after the days of Green. It was not a chair, but 
literally chairs, which he was called upon to fill. 
Bravely, he assumed his task, determined to do that 
which he could do under prevailing circumstances. 
Having become the fourteenth professor in the faculty 
of early Princeton, and desirous of accomplishing some- 
thing in addition to his teaching, he became a con- 
tributor to Silliman’s Journal in 1820, just two years 
after the assumption of his chair, his initial communica- 
tion being ‘‘An inflammable air lamp.’’ Volta had con- 
structed such a device, using hydrogen gas, but it suf- 
fered from the inconvenience that the reservoir, con- 
taining the hydrogen gas, soon became exhausted. 
This defect Gay-Lussac had sought to remedy by sus- 
pending a bar of zinc in the apparatus so as to produce, 
by a sort of self-action, as much gas as was exhausted. 


Another fault remained; the electrophones connected with the 
instrument, like all other electrical machines, were so much in- 
fluenced by the state of the weather that there were seasons 
when the smallest spark could not be obtained. 


To obviate this inconvenience and thus be independent 
of the state of the atmosphere was the purpose of 
Green’s new contrivance, and it proved most satis- 
factory. 

Singularly enough James Cutbush, anotlier of our 
early chemists, was likewise employed in improving 
the Volta lamp. He wrote upon the subject and his 
article followed that of Green in Silliman’s Journal. 

Green further occupied himself in the study of snow 
crystals, 


delineating 80 different admirable figures of snow and of observing 
their numberless varieties. 


Instantaneous crystallization engaged his attention 
and he wrote, 


In preparing nitric acid from nitrate of potash and sulphuric 
acid, I had occasion to stop the process just as the red fumes made 
their appearance. The next day I found the solution perfectly 
transparent and upon admitting the atmospheric air, no change 
took place, but upon dropping into it a small piece of nitrate of 
potash, crystallization immediately ensued, and the whole was 
quickly solidified. There was, I think, a larger quantity of caloric 
extricated during the above process, than in the instantaneous 
crystallization of the sulphate of soda—another difference was 
that the solidification did not, as far as I observed, commence on 
the upper surface and proceed gradually downward as in the sul- 
phate of soda, but began to form round the small pieces of nitre 
which were thrown in. 
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In 1821, Green called attention to the fact that a 
kinsman of his, residing near Princeton, had successfully 
grown the cotton plant in his garden where there was a 
northwestern exposure. The plants matured well 
and 


the staple was very fine and abundant, so that articles of domestic 
use such as stockings, gloves, etc., etc., were manufactured from 
it. 

He believed that the plant could be cultivated much 
further to the north than was generally supposed. 

To Silliman, the Elder, Green also addressed com- 
munications ‘‘on the history of animals,’’ portions of 
these “‘fragments’’ appearing in the Journal. Many of 
them had decided merit. 

He sought also to overcome the inconveniences of 
the ordinary blowpipe, 

a laboratory instrument which has undergone so many varieties 
in construction. 


His modifications proved most helpful. 

Another communication (1821) to Silliman con- 
veyed the interesting news that Dr. Hosack had pre- 
sented to the College of New Jersey 


a very handsome collection of minerals—one thousand specimens. 
Of the collection Hosack himself said: 


As the first collection that crossed the Atlantic, and as the parent 
of many others of much greater value and extent, it perhaps merits 
regard as such. 


Of the minerals in and about Princeton, Green re- 
ported that they were few and 


possess but very little interest. Yellow earth is found on the 
side of a hill in our neighborhood—it is used for painting car- 
riages—and is by artists considered as a very good substitute for 
the tena de Sienna—with Prussian blue it forms a very delicate 
olive yellow color. 


Thus, doing everything to promote science in the 
several directions in which it was possible for him to 
proceed by virtue of his limited means, he became a 
popular and esteemed professor; but the governing 
board of the college, embarrassed by lack of funds, 
began to repent the step taken in the erection of 
Green’s chair in 1818. So, after long and serious 
deliberation, in 1822, recommended: 
that the departments occupied by Professors Vethake and Green 
be united in one professorship, to be styled the Professorship of 
Mathematics and Natural Philosophy, to take effect at the stated 
meeting in the fall, when the Board shall proceed to elect an in- 
cumbent. 


On learning of this action Green promptly resigned his 
post, and the Board transmitted to him 


a tender of their thanks for his services while in charge of the de- 
partment of chemistry, experimental philosophy, and natural 
history. 


John Maclean, historian of Princeton, wrote at a later 
date: 


Jacob Green was well versed in the studies of his department, 
and was a good teacher. He was also a gentleman of culture 
in different branches of knowledge. 


JouRNAL OF CHEMICAL EDUCATION 


President Ashbel Green having concluded to with- 
draw from his high office at the same time (1822), 
father and son repaired to Philadelphia and resided 
there; the father engaging in the prosecution of theo- 
logical undertakings, and Jacob Green occupying him- 
self with literary and scientific pursuits for the next 
three years, amidst congenial surroundings, into which 
he had first been brought to light on July 26, 1790. 

Back once more with associates of former days he 
soon became so engrossed in studies dear to him that 
he may well have said, as did Benjamin Rush, occupant 
of the first independent chair of chemistry in our 
country (1769): 


Science is my mistress; my books are my companions; my study 
is my grave; there I lie buried; the world forgetting, by the world 
forgot. 


But from this profound and blessed reverie Green 
was rudely awakened in 1825 by that singularly posi- 
tive and aggressive character—George McClellan— 
eminent in the field of surgery, with the call to join 
him and others in the foundation of Jefferson Medical 
College, now justly famous the world over as a center 
of thorough and excellent teaching and research in all 
subjects pertaining to medical education. Green 
responded and was chosen the first professor of chem- 
istry in Jefferson Medical College.! In the early strug- 
gles of the school, having had the good taste to refrain 
from controversy, he fortunately and happily suc- 
ceeded in retaining the friendship of all his colleagues; 
and of the first faculty, his period of service was longer 
than any of his professional associates, terminating 
only upon his death. 

He was in a congenial chair. His contemporaries 
were Robert Hare, in the Medical School of the Univer- 
sity of Pennsylvania; William Keating, teaching 
chemistry in the School of Arts of the same institution; 
Joseph Cloud, chemist of the United States Mint; 
John Redman Coxe, actively engaged in experimental 
chemistry and along literary lines on the same subject; 
while at the Academy of Natural Sciences were those 





1 Since the original publication of this paper the following 
communication has been received from Professor George W. 
Bennett, Washington and Jefferson College: ‘‘The connection 
between Jefferson College and the Jefferson Medical College is 
pertinent in connection with Jacob Green. In 1824 a group of 
medical men in, Philadelphia petitioned Jefferson College to set 
up a department of medicine in that city. This was done, and 
Jefferson College granted the M.D. degree to 23 of these gradu- 
ates prior to 1838 when, by mutual consent, the department of 
medicine secured a charter for an independent school, and thus 
became the Jefferson Medical College. ... In 1828 Jefferson 
College brought to the campus at Canonsburg Jacob Green, 
M.D., to give a course of chemical lectures in the summers from 
1828-33 and for an unstated period after that. Part of his salary 
was from fees paid by the medical students of the Jefferson Medi- 
cal College in Philadelphia. 

“Green was one of the very first scientists to teach on the 
Western Frontier. He founded at Jefferson College in 1831 the 
Jefferson College Lyceum, probably the first student science club 
west of the Alleghenies. According to the minute book of the 
Lyceum the first meeting was at 11:00 a.m., August 10, 1831, 
presided over by Jacob Green. The last entry in this minute 
book is dated January 14, 1861, a mute testimony to the drainage 
7 ~ yu body from Jefferson College by the outbreak of the 

ivil War.” 
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who prosecuted chemicomineralogical studies. The 
versatile and combative Dr. Thomas Cooper had gone 
to the College of South Carolina, and the captiously 
critical Charles Caldwell, while not a chemist but 
genuinely interested in the promotion of all lines of 
scientific research, had entered the faculty of Transyl- 
vania University. Adam Seybert had just died but 
Henry (his son) was active. And there were others 
—chemists in the making. With such an atmosphere 
on all sides one wonders at Green’s silence in regard to 
these men, and likewise their silence with reference to 
him. Presumably local jealousies existed. These have 
often militated against the best interests of science, but 
apparently must be borne with as long as there is a 
human nature. It was mostly among the adherents 
of the Academy of Natural Sciences that Green moved. 
Probably his love for all forms of life directed his steps 
to this group. Why a man of his attainments and with 
his accumulation of new and original scientific data 
should not have had his name inscribed on the rolls of 
America’s oldest scientific society (the American Philo- 
sophical Society, 1727), is a mystery. Green was ex- 
tremely modest, and very retiring in his manner. And 
here and there little idiosyncrasies in his line of thought 
are observed; for example, in the preface to a volume 
of another author which was edited by him, he said: 


The language of Dr. T. has been preserved as far as practical. 
In some statements he often uses the personal pronoun in the 
singular number, this has always been changed for the plural. . . . 


And, at another place he wrote: 


We must refer the reader who may wish for further information 
to our treatise entitled ‘‘Electro-Magnetism.” 


The latter volume was his book. It contained much 
original matter and surely he would have been for- 
given had he said 


I refer the reader . . . to my treatise on Electro-Magnetism. 


Not so Green! And his students not only respected 
him, but loved him . . . the best proof of his popularity 
as a teacher! 

In the interval between his return to Philadelphia 
(1822) and his entrance upon his professorial career 
in Jefferson Medical College (1825) he was, as already 
mentioned, quietly at work. Among other things 
he published in 1824 a volume entitled ‘“‘Astronomical 
Recreations.”” His name did not appear on the 
title page. The book apparently grew out of a want 
which Green felt ‘‘on his evening rambles.” But in 
the preface it is announced that 


the object of the present work, is not to enter into the profound 
and abstruse details of modern astronomy . .. but merely to pre- 
sent a view of the relative situation of the fixed stars with regard 
to each other.... At atime when the cultivation of the natural 
sciences and the love of literature so generally prevail in our 
country, it is hoped the present publication will be peculiarly 
acceptable. 


Science in any form fascinated Green. Its promo- 
tion he held to be a sacred duty. 


It must be remembered that Green did not have a 
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laboratory or equipment sufficient to enable him to 
give students laboratory instruction in chemistry or 


in elementary physics. But who had in those early 
days? His own laboratory in which he tried out his 
various experiments was narrow and contracted. But, 
from various sources it has been gathered that he 
delighted in demonstration on his lecture table. There 
he offered the experimental proofs of the theories and 
laws he sought to make clear to his audience. Teach- 
ing was a passion with him. 

In 1826 Green (Medical Review, II, 375) described 
the calorifitor, a device to illustrate the familiar fact 
that different metals conduct heat with different degrees 
of facility. By means of it he sought to render the 
experiment satisfactory to a large class of students, 
sitting at some distance from the lecture table. It 
was a simple contrivance, the principle of which is 
familiar and seen in many modern forms. At the time 
he took occasion to tell how his friend Dr. Butts of 
Baltimore exhibited to his class the increase of tem- 
perature produced by mixing cold sulfuric acid and 
water together: 


A watch crystal containing a small piece of dry phosphorus 
was floated on the surface of water in a convenient glass vessel, 
sulphuric acid was then added, and upon stirring the acid and 
water a little, the phosphorus inflamed by the heat thus produced. 


Green thought this a much more striking manner of 
exhibiting the fact than the boiling of ether in a glass 
tube, which was sometimes shown. 

In 1827 there was formed in Philadelphia a scientific 
association called the ‘‘Maclurean Lyceum.” It con- 
tinued until 1829. It issued three numbers of a pub- 
lication entitled Contributions. Its president was the 
great naturalist, Thomas Say, and its vice-presidents, 
Charles L. Bonaparte and Jacob Gilliams. 

In the January issue of the Contributions (1827) the 
subject of this sketch described in detail a new species 
of salamander and from collateral literature it is 
evident that Green knew this animal well and showed 
much fondness for it. He also submitted a paper 
to the Lyceum on the Unios, writing most interestingly 
of a new species, as he did of two new species of Acha- 
tina from the Sandwich Islands. These wanderings 
away into the domain of natural history constituted 
his recreation periods. 

Several autograph letters of Green to the editors of 
Contributions further exhibit his enthusiasm, and even 
a suppressed pride in these particular studies. 

Some of the formal lectures to his students were 
reédited by him and given wider circulation by em- 
bodying them in book form; for example his ‘‘Electro- 
Magnetism’”’ (1827), whith is an unusually interesting 
book. Medical students in those early days must 
have been given a rather comprehensive consideration 
of the subjects which were broadly comprehended under 
the title ‘chemical philosophy.’’ Although of this 
volume Green remarked: 


A clear and compendious exhibition of the facts, in a simple 
and natural order, is all that has been attempted, but new and 
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improved modifications in the apparatus, and some peculiarities 
in its manipulation may be discovered by those familiar with 
former (his) essays. 


He enjoyed citing the special work (if there was 
any), of colleagues and friends. Thus, in showing 
the revolution of a magnet on its own axis, he describes 
an instrument for the purpose 


devised by my friend, the late Dr. Dana, professor of chemistry 
in the University at New York; he constructed it without know- 
ing of the previous contrivances of Ampére and Barlow. 


And further along he digresses to say that: 


I am indebted to the late Dr. J. F. Dana, Professor of Chemis- 
try in the University of New York, for the following clear and 
concise view of the phenomena of magnetism. Professor Dana 
was perfectly familiar with all the facts and theories connected 
with electro-magnetism, and I shall always recollect with pleas- 
ure his instructive conversation on this subject. No one of his 
experience had clearer views of chemical science, was more expert 
in analysis, or more ingenious in drawing conclusions from facts. 
His untimely death will ever be lamented by the friends of virtue 
and science. In this little book (‘‘Electro-Magnetism’’) devoted 
to his favorite pursuit, no apology will be necessary, for this pass- 
ing tribute to the memory of such a friend, of whom one of the 
periodical journals in New York said: ‘‘We were sensibly shocked 
to-day (15th of April, 1827) in receiving the melancholy, and to 
us, most unexpected, notice of the death of Professor Dana. It is 
so few days since we were listening, among many others, to one 
of his admirable lectures on chemistry—he was then apparently 
so full of health, and life, and intelligence, that the fearful truth 
of his sudden decease seems scarcely credible tous. It is, however, 
one of those startling realities that laugh to scorn the calculations 
of human presumption, and almost make a mockery of the affec- 
tions of the heart, when lavished upon beings so frail and transi- 
tory as we are all.” 


And so throughout the volume Green proceeds, 
with the presentation of facts, illustrated by the 
simplest and most attractive experiments, largely 
original—all interwoven with a touching narrative of 
contemporary associates, concluding: 


Intellect and volition are quite of a different nature from cor- 
poreal figure, or motion, and must reside in, or emanate from, a 
different kind of being, a kind which, to distinguish it from mat- 
ter, is called spirit, or mind. Of these, the one is necessarily 
short, the other essentially active. The one is characterized by 
want of animation, life, and even motion, except as it is urged by 
something ab extra; the other is living, energetic, self-moving, and 
possessed of power to move other things. We often fancy, it is 
true, that matter moves matter; but this, strictly speaking, is not 
‘correct. When one wheel or lever, in a system of machinery, 
communicates motion to matter, it can, at most, only communi- 
‘cate what it has received; and if you trace the connexion of the 
mechanism, you will at length arrive at a first mover, which first 
mover is, in fact, spiritual. If, for example, it be an animal, it is 
evidently the spiritual part of that animal from whence the mo- 
tion originally springs. If otherwise, if it be the descent of a 
weight, or the fall of water, or the force of a current of air, or the 
expansive power of steam, the action must be ultimately referred 
to what are styled the powers of nature, that is, to gravitation or 
elasticity; and these, it is now well known, cannot be explained 
by any allusion to material principles, but to the indesient opera- 
tion of the Great Spirit, in whom we live, and move, and have our 
being—the finger of God touching and urging the various subor- 
dinate springs, which, in their turn, move the several parts of the 
universe. Thus God acts in all places, in all times, and upon all 
persons. The whole material world, were it not for His spirit, 
would be inanimate and inactive; all motion is derived either 
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from his energy, or from a spirit which he animates; and it is next 
to certain, that the only primary action is that of spirit, and the 
most direct and immediate that of spirit upon spirit. 


The eminent surgeon, Samuel D. Gross, a pupil of 
Green in 1827-1828, left this note in his ‘““Autobiog- 
raphy”’: 

Our chemist was an old bachelor, a simple-minded man, famil- 
iarly called “Old Jakey Green” by the students—an agreeable 
and instructive teacher, with a good deal of sophomoric flourish 
and a mild, gentlemanly address. 

On the title page of ‘‘Electro-Magnetism”’ the letters 
M.D. appeared for the first time attached to Green’s 
name. He had not been educated in medicine, but 
the college authorities were quite ready to have him 
instruct medical students in chemistry. It will be 
recalled that Robert Hare was also a nonmedical man 
and, further, that his appointment to teach chemistry 
in a medical school was viewed with much doubt and 
concern by the trustees, who seemed to lose sight of 
his scientific attainments. So far as can be learned 
the trustees of Jefferson College, on the other hand, 
entertained no doubt of the fitness of Green for his 
special duties, and Yale College honored herself in 
1827 by bestowing upon the ‘simple-minded Green” 
the medical doctorate, as she had previously done for 
Hare in 1806. 

Today, chemists play an important part in medical 
instruction and even in practice. 

The picture of Green which is shown herewith 
(frontispiece) is from an oil painting by Hugh Bridport, 
an English painter and engraver, who settled in 
Philadelphia about 1817. Its interest, of course, is 
first in its likeness to the original, and then in the 
thought of including a hand goniometer, and a bit of 
electrical apparatus, with a background indicative of 
Green’s studies. He always had a fancy for crystals— 
which he measured and described—and the powers of 
electricity were ever in his mind, so that electrical 
apparatus became one of his great delights. And, in- 
deed, he originated many new pieces with which to 
exhibit facts not ordinarily demonstrated. 

In 1828 Green was able to gratify a long-cherished 
desire, viz., a trip to England, France, and Switzerland. 
His tour occupied about seven months—from the 
middle of April to the first of November. The notes 
made on his journey were transmitted, as opportunity 
allowed, to his friends at home, and in 1830 were 
published in three neat duodecimo volumes by G. & 
C. and H. Carvill, Broadway, New York. ‘Notes of a 
Traveller’ was their title. They are most interesting. 
As was to be expected Green saw and conversed with 
many distinguished scientists of that period. Some 
of his observations belong in this sketch, for they appeal 
to the chemist, who will be glad to hear of the im- 
pressions made upon Green—a traveling American 
chemist of a century ago. Many of us recall the thrill 
of secret perturbations felt quite often on meeting for 
the first time some great man—seeking to fix the reality 
of his greatness in our minds before it was obscured 
by the pettiness of every day. But the story is of 
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Green; so, read his words: He had just arrived in 
Manchester, England (May 28, 1828), and 


In the evening I went to see Mr. John Dalton, the principal ob- 
ject of my visit to this place, a chemist whose name will be as long 
and as extensively known as his favorite science itself. He is 
quite an active old man, small in stature, of plain appearance, 
and easy manners. I found him busily employed, in terminating 
some experiments on the relative proportions of the ingredients 
of atmospheric air. When I handed him my letter of introduction, 
he was absorbed in a long arithmetical calculation on this subject, 
and he begged of me a few minutes to finish his operation. We 
afterwards conversed on his ingenious theory, respecting the 
combination of the ultimate particles of matter. Like most per- 
sons who have originated a course of inquiry, he was exceedingly 
tenacious of his own opinions; and he fully believes that every 
other chemist, who has modified or altered in any way his atomic 
theory, has done it for the worse. I asked him if he did not intend 
to favour the world with something more on chemistry? He re- 
plied, that he hoped before long to publish a third part of his 
treatise on that subject, and that then his labours in the science 
would be at anend. I have always had a strong desire to see the 
great men of Europe—philosophers whose works I had frequently 
studied—and to indulge this propensity was the principal motive 
which carried me from home. Somehow or other, I thought that 
the great men of Europe were different from those of America. 
The transition from an author’s writings to his conversation and 
his presence, often spoils many a high wrought sketch which the 
fancy has drawn. Mr. D. treated me with the greatest civility— 
he invited me to sup and breakfast with him, and was otherwise 
very attentive. I left him with a promise to call after breakfast 
the next morning. 

29th.—At an early hour I hastened to pay my visit to Mr. Dal- 
ton, and passed some time in his little laboratory, which occupies 
one of the rooms of the Literary and Philosophical Society of 
Manchester. We examined the instruments and the rooms of the 
Society together. A good half length portrait of Mr. D. is at one 
end of the room in which the Society meets, and of which he is 
the president. On the opposite wall is the portrait of Mr. Henry, 
father of the present Dr. Henry, author of the chemistry so long 
used in America, as a textbook in our colleges. He is highly re- 
spected by all the inhabitants of this town. I regretted to learn 
from Mr. Dalton that Dr. Henry was probably away from home. 
I was much gratified in examining the rooms and the furniture of 
this Society. 


On this occasion it must have been that the con- 
versation drifted to the atomic theory. Davy, as 
recorded elsewhere, was disposed to accord the dis- 
covery of this fundamental theory to Higgins but in 
Green’s “Chemical Philosophy”’ on p. 434 appears this 
paragraph: 


When in Europe we had an interview with Mr. Dalton, on this 
subject, and are perfectly satisfied that this philosopher had not 
seen the work of Mr. Higgins till after he had given an account 
of his own doctrine. The observations of Mr. Higgins, therefore, 
though highly creditable to his sagacity, do not affect Mr. Dal- 
ton’s claims to originality. They were made, moveover, in so 
casual a manner, as not only not to have attracted the notice of his 
contemporaries, but to prove that Mr. Higgins himself attached 
no particular interest tothem. Mr. Dalton’s real merit lies in the 
discovery of the laws of combination, a discovery which is solely 
and indisputably his; but in which he would have been antici- 
pated by Mr. Higgins, had that chemist perceived the importance 
of his own opinions. 


Roaming at will Green could not resist the tempta- 
tion to tarry a bit at the old town of Derby, which 
stands on the Derwent; and mentions in the Notes 
that 
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the most attractive object to me was All Saints Church, built in 
Henry the VII’s time. ... Almost all the Earls and Dukes of the 
Cavendish family are interred in this church; and more than all the 
rest, here lie the remains of the honorable Henry Cavendish, one 
of the most accurate chemists of his time, and the illustrious dis- 
coverer of hydrogen gas, the composition of water and of nitric 
vi 


Despite the saintliness generally accorded him, 
Green in the next lines unconsciously discloses his hu- 
man side: 


The stage brought me to a little town on the banks of the 
Trent, called Burton—everyone has heard of the fine ale which is 
brewed here—and from curiosity, if not from thirst, I called for a 
tumbler of the best Burton ale. I have not great faith in the ex- 
quisite sensibility of the gustatory organs, said to be possessed 
by certain persons—at any rate, I would just now prefer to have 
a draught of the ale made in Philadelphia or Burlington. 


Green fairly reveled in the marvelous treasures of 
the British Museum. He soon formed one of those 
accidental but truly delightful and helpful acquaint- 
ances with Mr. Gray, the skilful zodlogist of the in- 
stitution. By him he was introduced on every side 
to men of distinction. Thus he attended an evening 
meeting of the Geological Society, then under the 
presidency of Buckland. With interest he participated 
in events of the meeting and enjoyed the customary 
aftermath supper. Mr. Gray also accompanied him 
to the Royal Institution, 


celebrated throughout the world as the scene of Sir H. Davy’s 
experiments on the alkalies. I was here introduced to Mr. Fara- 
day, whom I found exceedingly affable and communicative. Mr. 
Faraday has enriched chemical science with many brilliant dis- 
coveries; and I was now as much pleased with his gentlemanly 
manners, as I before had been interested by his philosophical re- 
searches. He showed me, at my request, some of the original in- 
struments in electro-magnetism, which he had invented, and 
which first turned my attention to that curious subject. I saw 
also, in ruins, the great galvanick battery, which has made so 
much noise in the chemical world—NMr. Children’s famous color- 
imoter, and the original instrument with which Cavendish ascer- 
tained the composition of water. Other contrivances of this great 
man were also shown me; they are all of a rude.construction. 
The laboratory of the institution is much smaller than I expected 
to find it: it is, however, very convenient. The general lecture 
room is the best I have yet seen, but the apparatus is by no means 
so extensive as it is in many of our own institutions. 


And on Tuesday, June 10, 1828, at nine o’clock in 
the morning, Green 


went to hear a lecture at the Royal Institution, by W. T. Brande, 
Esq., successor to-Sir H. Davy. It was one of the last of his 
course on chemistry, and was illustrated with but few interesting 
experiments. Mr. B. isa fluent but not a very agreeable lecturer; 
his class consisted of about one hundred students. 


While on June 12, at six o’clock, he 


dined with the Royal Society and had the honour of being at the 
head of the table next the president—Mr. Gilbert, a member of 
Parliament, a very affable man, highly distinguished as a mathe- 
matician and natural philosopher. He had succeeded Sir Hum- 
phrey Davy as President. Next below me was Sir Everard 
Home, a very agreeable and polite gentleman; he unfortunately, 
however, swore now and then.... There were a number of emi- 
nent men at the table. A clergyman, the Rev. Mr. Connybeare, 
returned a very short grace after meat, just before we drank the 
health of the king, which is always customary on these occasions. 





424 


Dr. Wollaston and Sir H. Davy were both absent. Affer dinner, 
at about half-past eight, we all adjourned to Somerset House, 
where are the rooms of the Royal Society. Here I had the pleas- 
ure of witnessing one of their sessions. An ingenious, though dull 
paper, on friction, wasread. The room is hung round with a num- 
ber of portraits of great men: that of Dr. Franklin held a con- 
spicuous place among them. Before the Society met, I was in- 
troduced by my friend Mr. Children, who is deservedly held in 
high estimation here, both as a man of science and as a gentleman, 
to the Society of Antiquaries. 


One almost wrestles with envious feelings as the 
pages of Green’s “‘Notes’’ are rapidly turned and his ex- 
periences read; thus: 


In the evening (June 19, 1818) I was invited to the Royal In- 
stitution, to hear a lecture by Mr. Faraday. The large lecture 
room was crowded with ladies and gentlemen, who listened for 
more than an hour with the utmost attention, while the lecturer 
in a plain, perspicuous, and sometimes eloquent style, gave us an 
account of the past, present, and future prospects of the Thames 
tunnel. ... The whole lecture was illustrated by numerous dia- 
grams and models, so as to make the operation of tunnelling per- 
fectly intelligible to everyone. Such recreations and amusements, 
as we had this evening, are eminently calculated to improve the 
state of society—and a portion of the Londoners at least seem as 
much disposed to encourage literary and scientifick institutions, 
as the abominations of Covent Garden and Drury Lane theatres, 
or those of Vauxhall. 


And then he naively wrote: 


The immense breweries of London have always been to me ob- 
jects of great curiosity. An Englishman and good porter seem al- 
most identified in my mind—and since my arrival in the kingdom, 
I have drank scarcely anything else but beer, in some shape or 
other—from brown stout down to swipes and two-penny. 


Eventually, after sundry harmless adventures, he 
arrived in Paris and noted that 


At night Paris is very well lighted by large lamps, suspended 
in the centre of the streets by cords, which are stretched from the 
houses on one side to those on the other. Much of the oil burnt 
is derived from the coleza, the plant I have formerly mentioned. 
Many of the shops and cafes are, however, illuminated with gas. 
The cultivation of the coleza plant in the United States, I have no 
doubt, would succeed very well, and the oil extracted from it by 
pressure would, in some of our western districts, prove an eco- 
nomical substitute for spermaceti and other animal oils. The 
candles used here are beautiful and peculiar to Paris. They are 
called stearic or pearl candles; they have no grease or oil in their 
composition. The process for making them is not generally 
known. I visited a laboratory where the process was going for- 
ward, and will communicate on my return home, to some manu- 
facturer, the little information on the subject which I obtained. 
Except in two or three instances, the chemical laboratories are 
ona much smaller scale than I expected to see them, being for the 
most part confined to the manufacture of a few articles. 


Green was apparently greatly impressed by the 
reception shown him. Thus, of Cuvier, he said, 


He treated me with more civility and kindness than any other 
French gentleman in Paris. I expect to pass tomorrow evening 
at his house, in company with a party of savants, who usually 
meet there once a week for conversation. 


Further along he records: 


From the Luxembourg we went to the School of Mines, which 
I was desirous of just seeing, as three of my friends in Philadel- 
phia were here instructed in the art of chemical analysis, and in 
all the processes connected with metallurgy and the working of 
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mines. The cabinets of minerals I found interesting and exten- 
sive. Not more than 20 pupils are admitted at one time... . 
After this we visited the School of Medicine. This is a grand, 
extensive, and convenient establishment. It is, no doubt, the 
first medical school in France, if not in Europe. I could enter 
into a great many details on this subject, but they would not 
prove very interesting to you. I had an opportunity of witnessing 
the examination of a candidate for his degree. There was a great 
deal of parade and formality about the affair. The professors 
wore silk gowns and square red velvet caps, and the candidate 
also had on a peculiar dress. They first examined his thesis, 
which was printed, each of the officers having a copy, and turning 
to the pages from which the inquiries were made. As far as I 
heard the questions, they were fair, minute, and severe. The 
cabinet of anatomical preparations attached to this school is re- 
markable for the variety, multiplicity, and beauty of its contents. 
The wax models I thought exceedingly fine. 


He was courteously and kindly escorted by Mr. 
Warden, the American Consul, to the French Institute, 
where 


we were seated in the hall before many of the members had as- 
sembled, and those who were the most distinguished were pointed 
out to me by Mr. Warden, as they entered. The Count Chaptal 
took his seat close to mine. I was astonished to see him look not 
more than 50 years old; his complexion, like that of most elderly 
French gentlemen, is very sallow, and the expression of his fea- 
tures was rather mild and pleasant than powerful. Not far from 
him sat the famous Gay-Lussac, busily occupied in reading some 
papers; Robiquet, the chemical analist, leaned over his shoulder. 
Directly opposite to me was the aged and sightless Lamarck; he 
was conducted to his seat with great care and peculiar kindness, 
by Biot and Arago, the first mathematicians perhaps now living. 
The infirmities of age have almost completely disabled Lamarck. 
I was exceedingly fortunate in seeing this great naturalist, as he 
will perhaps never be found in publick again. The barons Four- 
rier and Cuvier, two of the perpetual secretaries of the Institute, 
were close by me on my right, with many other venerable and 
distinguished men. As each member receives an annuity from 
government, of which he forfeits ten francs (two dollars) for non- 
attendance, the meetings of the Institute are always well at- 
tended. ... After the members were called to order with a bell, 
the Baron Cuvier read the title pages of 30 or 40 books or pam- 
phlets, presented by the authors to the Institute, during the week 
which intervenes between their sittings. Some of the works were 
from my friends in America; and had they seen the sang froid 
with which their labours were noticed, their pride of authorship 
would have been highly piqued. After this, there was a short and 
animated extemporary debate, between the Baron Thenard, 
Arago, and some others, which was not only instructive but highly 
amusing. Thenard is something of the beau in his dress: he looks 
a good deal younger than his long reputation as a chemist would 
seem to indicate, and is quite fluent and animated in his style of 
speaking. A long and dull, though valuable essay, on a scientifick 
subject, was now read, in the midst of which I followed the ex- 
ample of many others, and left the hall. 


As might be expected Green did not omit a visit to 
the Sorbonne—what scientific student would?—and 
observed in his ‘“‘Notes’’ for July 19: 


I passed a considerable part of this day at the Sorbonne, an 
establishment peculiarly interesting to me, on account of the lec- 
tures on physical science which are now delivering here, by pro- 
fessors of the highest reputation. The Sorbonne comprises a num- 
ber of edifices, arranged in the form of a hollow square. It was 
rebuilt from its ruins by Cardinal Richelieu, and in the church 
there is a fine monument to his memory. The great Gay-Lussac 
lectured for us today, in a large and convenient amphitheatre, 
well filled with an exceedingly attentive audience: his subject 
was the nature and properties of cyanogen, or the base of Prussic 
acid, a substance which he had himself discovered; but through- 
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out his whole lecture, which continued more than a hour and a 
half, he never once hinted that most of the facts which he noticed 
were derived from his own ingenious researches. The eminent 
philosopher does not appear more than 45 years of age: his coun- 
tenance is by no means impressive or prepossessing; his manner is 
however pleasing, and his discourse was delivered with great 
fluency and ease, without the aid of any notes. This I thought 
remarkable, as he frequently rattled off the atomic weights of a 
number of substances, to the sixth or seventh decimal figure. I 
thought him rather repetitious; yet perhaps this is a good fault 
in a scientifick lecturer. The principles and the facts he turned 
over and over, in a very elaborate manner, presenting them to the 
class in almost every possible manner. He unfortunately failed, 
like all other demonstrative teachers, in some of his experiments; 
and I was greatly gratified to notice the silence and sympathy of 
the whole audience, on such occasions. The apparatus he used 
was neither showy nor extensive, and in point of manipulation 
he was not as neat and expert as many of our professors at home. 
After the lecture was over, I was pleased to see the great philoso- 
pher lay aside all formality, and amuse the students who crowded 
around the lecture table, with some unexpected and startling 
chemical experiments. From the dress and general appearance of 
the students who filled the lecture room, they for the most part 
seemed indigent persons, who were acquiring knowledge, not so 
much from the impulse of curiosity, or a love of science, as with 
a view of obtaining a future subsistence. The facilities enjoyed 
in Paris for the prosecution of scientifick researches, for the ac- 
quisition of learning, and for the study of the fine arts, are un- 
rivalled. 


The entire trip was immensely enjoyed by Green, 
and those who read his ‘‘Notes’’ will promptly under- 
stand his enthusiasm. Going eastward he was aboard 
the packet Algonquin, sailing from New Castle, Dela- 
ware. The passenger list consisted of 20 congenial 
persons, and on propitious nights Green had much 
happiness jn explaining the constellations visible from 
the ship’s deck. Also with the Captain’s consent and 
aid, he experimented on the pressure of the sea at 
various depths. The results were subsequently pub- 
lished in an English journal by his friend Gray of the 
British Museum. 

On his return to America, Green brought with him 
an abundance of apparatus for chemical and physical 
purposes, as well as books of the most helpful char- 
acter, so that it was quite natural that the year 1829 
should show renewed activity in teaching and experi- 
ment. Undoubtedly the monumental work of the year 
was the publication of his ‘Textbook of Chemical 
Philosophy on the Basis of Turner’s Elements.’’ Here 
he reédited an English work, which was a common thing 
—very common—among the textbook writers of those 
early days. Robert Hare had given to the chemical 
public an edition of Henry’s Chemistry, as did Silliman, 
the Elder, shortly after. And there had been other 
American editions of Turner, but Green 


ingrafted various additions and improvements, resulting espe- 
cially from his observations abroad, and more particularly while in 
Paris, under the auspices of some of the most eminent men of 
that city. 


Yes, it was a fundamentally altered book, and very 
interesting reading today. It must have been a most 
satisfactory aid to all students who were receiving 
their instruction exclusively by lectures. To them it 
could only have been a comforting and explanatory 








425 


friend. Antiquated as is the volume, the writer had 
genuine delight in reading its pages, as its subject 
matter is very clearly set forth. 

Greatly disappointed at not having met Sir Humphry 
Davy when in London in the summer of 1828, because 
this distinguished man was in Italy, and having had 
his admiration for him, which had existed for years, 
enhanced by gratification of conversing with most of 
Davy’s intimate and distinguished friends, e. g., J. G. 
Children and Divies Hilbert, Green could not repress 
the desire to leave among his pupils some token of his 
admiration for Davy and believed that this could be 
best accomplished by publishing and annotating one 
of his works; so in 1830 through a Philadelphia pub- 
lishing house he sent forth a little volume—now almost 
forgotten so far as Green’s edition of it is concerned 
—bearing the title ‘‘Consolations in Travel, or the Last 
Days of a Philosopher, by Sir Humphry Davy, Bart., 
with a Sketch of That Author’s Life, and Notes, by 
Jacob Green, M.D., Professor of Chemistry in Jef- 
ferson Medical College.’’ His wonderful admiration 
for Davy is shown in this paragraph: 

When we consider the benefits and the blessings derived by 
Society from the labours and discoveries of Sir Humphry Davy— 
when we recollect the influence which his profound inductions 
and accurate reasonings have had upon the theory of natural 
science—we shall not be regarded as extravagant in pronouncing 
him one of the most eminently useful philosophers that ever 
existed, and as one of the brightest ornaments of genius that the 
world has ever produced. 


But Green persisted in saying that his annotations of 
this little volume were made 


with the view of correcting some theological errors which, had 
the distinguished author lived to revise his work, it is believed he 
would have modified or erased himself. 


And in the final note, on the last page, Green concludes: 


We feel a melancholy interest in closing this volume—as we 
fear it will be the last contribution to the fund of science and liter- 
ature, and may we not say religion, from one of the most accom- 
plished and highly gifted philosophers of the age. With all its 
faults, the author has in this work reared for himself a durable 
and beautiful monument, which, though it does not fully indicate 
the profundity, extent, and variety of his scientific attainments, 
still exhibits the far more interesting portrait of a man, who holds 
in adequate estimation the blessings of religion, and who en- 
deavors to sustain and defend it by the aid of sound science— 
‘Science, so often a truant to this, the most important interest of 
man.” 


Occupied with such worth-while literary work, 
there were in this year (1832) submitted by Green to 
the Transactions of the Albany Institute exceedingly 
interesting monographs on the ‘Cones of North 
America,’ including descriptions of three new species, 
and ‘‘Notes on American shells,’’ and on the ‘‘Reclama- 
tion of salamanders.’’ The latter, old friends, were 
almost continuously under study by him. 

Actively engaged all the while—in chemistry, in 
botany, in physics, in mineralogy, or in other fields of 
science—the student of Green’s life is not astonished 
on learning that in 1833 he gave to the world a ‘‘Mono- 
graph on the trilobites of North America, with colored 
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models of the species.’’ This was an exceedingly 
able scientific communication. He succeeded in dis- 
closing the under side of the trilobite, giving a most 
satisfactory picture of its contour and mechanism. 
Twenty-two species and five new genera were described. 
It was a welcome contribution to American paleon- 
tology. It was accorded high praise on all sides; 
specialists even declaring the work to have been done 
—with fidelity, ability, and good taste. 

With his friend Titian R. Peale, an artist of reputa- 
tion but deeply interested in experimental work, he 
carried out a series of striking experiments with Joseph 
Saxton’s electromagnetic machine (1834). These were 
new and directed mainly to a study ‘of the spark, 
fusion of metals, effect on inflammable bodies, decom- 
position of water, effect of the galuanometer and electrom- 


eter, as well as careful observations on the effect of. 


induction and shock [J. Frank. Inst., 13, 219 (1834)]. 
This paper is shot through and through with his enthu- 
siastic spirit; experiment being his joy and electricity 
having a subtle attraction for him. 

At this time (1834) he also gave expression to a 
thought which had long been with him; viz., that there 
had been people inhabiting the banks of the Ohio, the 
Mississippi, and other western waters, greatly superior, 
in the arts of civilized life, to the Indian tribes which 
had wandered there in the days of early eighteen 
hundred. He believed that these earliest people were 
familiar with the art of manufacturing and coloring 
glass, offering beads as evidence [J. Coll. Pharm., 
5, 94(1833)], 


which must have belonged to one of the ‘‘ancients of the West,” 
who flourished in these regions long before the voyage of Colum- 
bus. 


He analyzed these blue-colored beads, and found them 
to contain copper, silica, and alkalies. He also ana- 
lyzed what seemed to be a slag of blue glass from near 
the Chasteter River in the Cherokee Territory. His 
friend, Professor del Rio, of the Mexican School of 
Mines, discoverer of the brown lead ore in which vana- 
dium was found, also analyzed the slag, both chemists 
finding silica, copper oxide, and alkali. 

Green offered a second very interesting paper 
(1834) “‘On the metals known to the aborigines of 
North America,’ concluding that these metals were 
gold, silver, copper, and to some degree iron and lead 
[J. Coll. Pharm., 5, 182(1833)], and subsequently wrote 
at some length ‘‘On the pottery used by the aborigines 
of North America’’ [J. Coll. Pharm., 5, 302(1833)], but as 
this contains nothing of a chemical character, the cita- 
tion will be sufficient. 

At intervals Green was invited to deliver the annual 
opening address in his college. These occasions were 
greatly enjoyed by his audience, and when (1834) he 
spoke upon the ‘‘Advantages of chemistry” the student 
body made request that they might be permitted to 
publish his 


very eloquent lecture introductory to the session, 
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But, as was expected, he demurred, saying he was in 
hearty accord with the remark he once heard, vz. : 


that no discourse prepared for a popular audience should ever be 
published, 


yet, he finally consented, and in a little brochure occur 
the following items: 
No science is so intimately associated with all the pursuits of 


man, or mingles so extensively with all his occupations as that of 
chemistry. 


Of its relations to medicine he said 


The physician and chemist have generally been considered 
identical— 

Every living animal body is, in truth, a perfectly and ex- 
quisitely contrived laboratory, in which chemical operations are 
continually going on—obeying the same laws, and producing 
similar results to those which occur in our ordinary experiments. 


Chemistry’s relation to physiology, materia medica, 
and medical jurisprudence were dwelt upon; after 
which chemistry and mineralogy were contrasted; 
then metallurgy, agriculture, and what he designated 
as economical chemistry, which was nothing more 
than chemistry in intimate daily life. The address is 
an earnest, thoughtful plea. One cannot but wonder 
why, if in the years long gone, the devotees of chemistry 
made such clear and cogent appeals for it, that at 
this late day the laity remains apparently indifferent 
to its evident value. 

In the following year he was quite absorbed with a 
green colored sulfated ferruginous earth from Kent 
County, Delaware. He demonstrated that the color 
arose from an iron salt, formed by the oxidation of 
pyrite, disseminated throughout the earth. The an- 
alytical steps indicate crude procedure but the proofs 
are most convincing. Analysis was not the strong 
point in Green’s chemical attainments, and yet he was 
much devoted to work on minerals, so that it would be 
inferred that analysis was easily done by him. The 
truth, however, seems to be in the opposite direction. 

To the gentle, devoted scientist thus far followed 
in his career, joy must have come and have given a 
temporary feeling of satisfaction—maybe pride—when 
the authorities of old Jefferson College, Canonsburg, 
Pennsylvania, sent him the diploma of an honorary 
Doctor of Laws as a tribute of its approval of his 
achievements in the field of experimental science. It 
was in truth an honor most worthily bestowed. 

Another textbook—‘‘Syllabus of a Course of Chem- 
istry’’—made its appearance at this time. Search, 
high and low, has failed to bring a copy to light. No 
doubt in some old family library or among the treasures 
of the garret, it will be discovered in due course, and 
will afford additional evidence of Green’s devotion to 
the science. 

The wishes of Green’s students seemed ever to be 
a concern with him. He endeavored earnestly to make 
clear the difficulties of chemistry, hence the appearance 
in 1837 of a booklet called ‘‘Chemical Diagrams” 
was but further expression of his heart’s desire. The 
opening sentence in the preface reads: 
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The design of the following pages is to present to the chemical 
students some of the most important changes produced by the 
reciprocal acting of bodies on each other, by the aid of diagrams. 
This method of illustration has been for a long time employed by 
the author in teaching the practical details of chemistry, and it is 
now published at the earnest solicitation of his pupils... . 


The author incorporated some historical data and 
practical hints on the detection of poisons. It repre- 
sents the aid a teacher would be apt to render. 

Green’s experimental activity is attested by the 
fact that in the Catalogue of the Royal Society of 
London he is credited with 34 titles, to which six more 
may be added. With these should also be included his 
several books, described in the preceding paragraphs. 

From contemporary publications, it may be inferred 
that the life of Green was happy—very happy in pro- 
moting his science and happy in doing for others with- 
out let, until the Grim Messenger suddenly appeared 
and bade him lay aside the working tools of life on 
February 1, 1841. 

Deep grief and sorrow followed upon this sad event. 
The local papers bore witness that he 


was a successful cultivator of natural science, an excellent teacher 
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in his department (chemistry), and an estimable individual— 


His colleagues of the Jefferson Medical College faculty 
gave public expression 


to their grief and deep regret at the sudden death of their be- 
loved and respected colleague,— 


while the student body, 


Resolved, That the death of our esteemed teacher has been 
heard with the deepest regret and sorrow and that we lament most 
sincerely the loss thus occasioned to his family, to society, and to 
science. 

Resolved, That his kind and gentlemanly manners which se- 
cured to him the warmest affection of his class; his generous 
friendship which attached his numerous students to him with a 
feeling akin to filial love; and his scientific attainments which 
have ever commanded for him a high place in public estimation, 
are stamped upon our memory with too deep an impression ever 
to be effaced, so long as virtue is honored, friendship cherished, 
and knowledge admired. 


And—on February 4, 1841, there passed from the 
home, No. 26 South Twelfth Street, Philadelphia, the 
lifeless remains of that profound scholar and superb 
teacher of chemistry—Jacob Green. 


The Preparation of Thiokol 


A Lecture Demonstration 
ELTON M. BAKER 


Fresno State College, Fresno, California 


YNTHETIC rubber is an example of one of the 

polymers of importance in the present industrial 
chemical development. The preparation of one of 
the types of synthetic rubber as a class demonstration 
or laboratory experiment not only lends interest but 
also illustrates in a measure some of the chemistry of 
polymers. 

Thiokol and similar sulfur polymers may be prepared 
by the polymerization of an alkali or alkaline earth 
metal polysulfide and a halogen substituted olefinic 
hydrocarbon. Ellis! states that the amount of sulfur 
in the polysulfide determines the elastic quality of the 
rubber. If the sulfur content of the polysulfide is that 
represented by the formula NapSy, or greater, the poly- 
mer will be elastic; lower amounts of sulfur give a hard, 
brittle resin. 

Sodium polysulfide may be made from sulfur and 
sodium hydroxide or sodium sulfide. The reaction 
with ethylene dichloride may be expressed as follows, 


BH Ss 
NazSy + C2HiCl, — 2Nat + 2CI- + 


x 


In a beaker containing 100 ml. of water dissolve 4 g. 





1Exus, “The Chemistry of Synthetic Resins,” Reinhold 
Publishing Company, New York, 1935, p. 1172. 





of sodium hydroxide and heat to boiling. Add 7 to 
10 g. of sulfur flowers, stirring until all of the sulfur has 
dissolved. This liquid containing the polysulfide 
will turn from light yellow to a dark brown color as the 
sulfur content of the polysulfide increases. If the 
sulfur does not dissolve completely after several min- 
utes, allow the solution to cool and decant the dark 
brown liquid from the undissolved sulfur. To this 
liquid add 20 ml. of ethylene dichloride. The mixture 
should be warmed to a point below the boiling point of 
the ethylene dichloride, 7. e., 83°C. For best results, 
the polysulfide solution should have a specific gravity 
nearly the same as that of the ethylene dichloride. 
Stir the mixture thoroughly so that the latter will be 
suspended in the polysulfide mixture. The synthetic 
rubber will slowly form at the junction between the 
two immiscible liquids and will collect as a spongy 
lump at’ the bottom of the beaker if stirring is con- 
tinuous during the process. 

The synthetic rubber should be removed from the 
solution and washed thoroughly. Its color will vary 
from white to yellow, and it will have a degree of 
elasticity depending on the sulfur content of the 
polysulfide. This polymer will resist organic solvent 
action, a characteristic which distinguishes it from 
natural rubber. In practice it is mixed with carbon, 
zinc oxide, and some natural rubber to make it harder 
and to give it better wearing qualities. 





Wetting and Spreading 


A Laboratory Experiment 


LOUIS J. BIRCHER 


Vanderbilt University, Nashville, Tennessee 


INCE 1935 the development of new wetting and 

spreading agents has been very rapid, and the 
industrial use of these agents has spread into many 
fields (1). In 1941 Van Antwerpen (2) listed over 250 
trade preparations known as “surface active agents.” 
These preparations include substances classed as deter- 
gents, emulsifiers, penetrants, levelers, and so forth; 
and are used in such industrial operations as metal 
cleaning, dying, electroplating, and air conditioning. 
They are used in the textile, paper, steel, paint, and 
leather industries, among others. They appear in the 
formulas of insecticides, embalming fluids, fruit wash- 
ing compounds, shampoos, and the newer dentifrices. 
More than a score of the large chemical manufacturing 
corporations of America are engaged in the production 
of these spreading agents. 

A paper by H. L. Cupples (3) of the Bureau of 
Entomology and Plant Quarantine of the United States 
Department of Agriculture has suggested a laboratory 
experiment which will not only teach the theory and 
technique of measuring surface and interfacial tensions, 
but will also emphasize the practical importance of 
surface tension studies. The data obtained in this 
experiment give opportunity for the application of 
theories of adsorption and the molecular orientation 
of solutes at the surface and interface of solutions. 
The spreading coefficients calculated from the data 
of the experiment can be linked with the theory of 
wetting and spreading and with the effectiveness of 
detergents, fungicides, and insecticides. 


THEORY OF WETTING 


There are several theories (4, 5) concerning the 
factors which decide whether one liquid will wet and 
spread out over the surface of another liquid or not. 
One widely accepted theory is that one liquid will 
wet a second liquid only if the work of adhesion of that 
liquid for the second liquid exceeds the work of cohesion 
which holds the molecules of the first liquid -together 
as a drop. 

If a drop of liquid b (see Figure 1) is placed on liquid 
a, the work of adhesion of liquid 6 for liquid a is 


Wa = Va + Yo — Yad 
where y, and y, are the surface energies or surface 
tensions of liquids a and 0, and y,, is the interfacial 


energy or interfacial tension between the two liquids. 
The work of cohesion of liquid b, We, is 


We = 2% 


and represents the work necessary to break the liquid 
b and form two square centimeters of new surface of 
that liquid. 





Cb) 


a 
































FicuRE 1.—Drop oF Liguip b on Liguip a 


The spreading coefficient, S, is a measure of the ten- 
dency for one liquid to spread on the second, and is the 
difference between the work of adhesion, W,, and the 
work of cohesion, W;. For the spreading of liquid b 
on liquid a 

S = Wa — We = Va — (Vs + Yas) 


If the surface tension of the liquid of the drop is 
large, it has little tendency to spread on the second 
liquid. It should be noted that if liquid 6 will spread 
on liquid a, it does not follow that liquid a will spread 
on liquid 6. It has been pointed out that a great many 
organic liquids (liquids with low surface tensions) will 
spread on water, but that water spreads on only a few 
organic liquids. 

WETTING AGENTS 


To make water ‘‘wetter,”’ that is, to promote spread- | 


ing (6) “‘surface active’’ substances, such as the sul- 
fonated higher alcohols, are added to water to lower 
the surface tension of water and to lessen the work of 


cohesion of water. Solutes dissolved in water which are . 


less polar than water tend to be adsorbed at the surface 
of the solution and lower the surface tension. In 
aqueous solutions of soap-forming solutes the ratio 
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of the amount of base to the amount of fatty acid has a 
marked effect on the surface tension of the solution. 


EXPERIMENTAL STUDY OF SPREADING 


Cupples studied the effect on surface tensions of the 
mole ratio of sodium hydroxide to fatty acid in aqueous 
soap solutions; the effect of these mole ratios on the 
interfacial tensions of these solutions against paraffin 
oil; and the effect of these ratios on the tendencies 
of these solutions to spread on oil or oily surfaces. 
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FIGURE 2.—MOLE RatTIo oF NAOH To Lauric AcIp 


With laurit acid and sodium hydroxide the results 
shown in Figures 2, 3, and 4 were obtained. With 
an excess of fatty acid in the solution the- surface 
tension and interfacial tension of the solution against 
oil are low, and the spreading coefficient on oil is 
high. If sodium hydroxide is added until the ratio 
of base to acid is unity, the surface and interfacial 
tensions rise rapidly, and the spreading coefficient 
drops to a negative value. The base, in forming the 
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soap, renders the fatty acid more soluble, that is, 
lessens adsorption. Adding considerable excess of 
base causes the surface tension and interfacial tension 
of the solutions to decrease again. The salting-out 
effect of the excess sodium hydroxide on the soap may 
be a factor at this stage. These decreases in surface 
and interfacial tensions due to a large excess of base 
are not sufficient to bring the spreading coefficient to a 
positive value again. Cupples points out that the 
ratio of base to fatty acid and the pH value of a soap 
solution has a marked effect upon the effectiveness of 
the solution as an insecticide and must have a similar 
effect when these solutions are used as detergents. 
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FIGURE 4.—MOLE Ratio oF NAOH To Lauric Acip 


The writer has found that students in studying sur- 
face tension and the theories of adsorption and orienta- 
tion, and in learning to measure surface tension, can 
easily duplicate the work of Cupples on lauric acid 
solutions using the Du Noiiy tensiometer (7). Cor- 
relating the measurement of surface tension with a 
practical problem lends interest to the study. (The 
special Du Noity interfacial tensiometer is not re- 
quired.) Other forms of surface tension measuring 
apparatus, such as the drop weight apparatus, could be 
used. (Surface tension data obtained by using a dy- 
namic method may differ from those obtained by using 
a static method of measuring.) 


APPARATUS 


A Du Noiiy tensiometer 

Analytical weights 

12 crystallizing dishes, 6 to 8 cm. diameter and 2 to 4 cm. deep 
5 volumetric flasks of 100-ml. size. 


CHEMICALS 
Lauric acid 
A good grade of white paraffin oil 
A stock solution of 0.50 normal sodium hydroxide (20 g. per 
liter), standardized to two places 


DIRECTIONS 


To clean the crystallizing dishes, allow them to stand 






4 
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three hours in a hot chromic acid solution, and then 
rinse thoroughly with distilled water before using 
them. 
Weigh four 1-g. (0.005 mole) samples of lauric acid. 
Shortly before the surface tension measurements are 
to be made, make up four 100-ml. solutions as 
follows: 


Solution No.1. 1 gram lauric acid (0.005 mole), 8 ml. of 0.5 NV 
NaOH, sufficient to neutralize 0.8 of the acid, and distilled water 
to make 100 ml. of solution. 

Solution No. 2. Same as solution No. 1, except that 10 ml. of 
NaOH solution is used to give a 1:1 ratio of base to acid. 

Solution No. 3. Same as No. 1, except that 12 ml. of base is 
used to give a 1:2 ratio of base to acid. 

Solution No. 4. Same as No. 1, except that 14 ml. of base is 
used to give a 1:4 ratio of base to acid. 

Solution No. 5, etc., can be aqueous solutions of some of the 
newer wetting agents, such as ‘‘Aerosol” or “‘Dreft,’’ using 1 drop 
or 0.5 g. of the agent per 100 ml. of solution. 


Heat each of the lauric acid solutions to boiling, shake, 
and allow to stand one hour before using. 

Assemble the tensiometer according to the directions 
given by the manufacturer of the instrument and 
calibrate it, using weights from a set of analytical 
weights. The ring of the tensiometer must be 
cleaned before each measurement is made by heating 
to dull red heat in a Bunsen flame. 

Measure the surface tension of distilled water, each 
of the lauric acid solutions, the wetter water solution, 
and the paraffin oil. Rinse the crystallizing dish 
with a particular solution before putting the sample 
to be measured in the dish. Record the temperature 
of the liquids measured. In making the measure- 
ments, approach the point at which the tensiometer 
ring breaks away from the surface of the liquid or 
from the interface very slowly. 

Measure the interfacial tension of pure water and of 
each of the solutions against layers of paraffin oil. 
The diameter of the crystallizing dishes used should 
be large enough to prevent excessive curvature of 
the surfaces of the liquids. Measure the interfacial 
tension of each of the solutions against the oil about 
10 minutes after the interface has been formed. 

Using the surface tension of oil, the surface tension of 
water or the several solutions, and the interfacial 
tension of each liquid against oil, calculate the 
spreading coefficient of each liquid on oil. Plot on 
cross-section paper the surface tension of the several 
lauric acid solutions against the mole ratio of sodium 
hydroxide to lauric acid in the solutions. Make 
plots for the interfacial tensions and the spreading 
coefficients of these solutions against the mole ratio 
of base to acid. How do the curves obtained com- 
pare with those obtained by Cupples? 

Prepare an oil film on a piece of celluloid or some other 
receptive surface and put drops of water and drops 
of the several solutions on the oil film. Note 

whether water, the several lauric acid solutions, and 

the wetter water will spread on the oil film. How do 
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these observations agree with the spreading coeffi- 
cients calculated from the surface tension data ob- 
tained with these liquids? 








DATA 
SuRFACE TENSIONS TEMP. 
Liquid Trial 1 Trial 2 
Pure water 
Paraffin oil 





Lauric acid solution No. 1 
Lauric acid solution No. 2 
Lauric acid solution No. 3 
Lauric acid solution No. 4 
Solution of wetting agent 














INTERFACIAL TENSION 
Liquids on Parafin Oil 





Pure water 

Lauric acid solution No. 1 
Lauric acid solution No. 2 
Lauric acid solution No. 3 
Lauric acid solution No. 4 
Solution of wetting agent 

















SPREADING COEFFICIENTS AND OBSERVED SPREADING 
Liquids on Oil Calculated Observed 


Pure water 

Lauric acid solution No. 1 
Lauric acid solution No. 2 
Lauric acid solution No. 3 
Lauric acid solution No. 4 
Solution of wetting agent 




















QUESTIONS 


To correlate the data obtained in the experiment with the 
theories of surface tension, adsorption and orientation of solutes, 
and of spreading, the student may be asked to answer questions 
such as the following at the conclusion of the experiment. 


1. Why do aqueous solutions usually have surface 
tensions lower than that of pure water? What type 
of substances are positively adsorbed at the surface of 
solutions? Explain. 

2. (a) Why do the surface tensions of the lauric 
acid solutions increase as the ratio of base to acid 
approaches and passes through the equivalence point? 

(6) How would a molecule of sodium laurate orient 
itself in the interface between water and oil? Explain. 

(c) Why does a large excess of sodium hydroxide 
in the lauric acid solutions depress the surface tension 
again? 

3. What factors determine whether a liquid will 
wet or spread on a second liquid? What industrial 
problems are better understood in terms of quantitative 
data on surface energies and spreading coefficients? 
See reference no. 1. 
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The Use of Semimicro Technic 


in Elementary Organic Chemistry—II 


NICHOLAS D. CHERONIS, PETER G. ARVAN, and HERMAN TEIFELD 
Chicago City Colleges, Chicago, Illinois 





N A PREVIOUS paper? one of the authors described 
several small pieces of apparatus and instructions 
for their use in semimicro work in the elementary or- 
ganic chemistry laboratory courses. The progress in 
the development of simple apparatus and procedures for 
semimicro work in the organic laboratory was reported 
in several communications’ and published in book 
form.‘ In the present paper a summary of the various 
types of apparatus is given together with a discussion 
of their application in teaching. 

The operations commonly performed in the organic 
laboratory involve distillations, crystallizations, fil- 
trations, and separations of immiscible liquids. The 
semimicro equipment for distillations consists of dis- 
tilling tubes or flasks having a capacity from 10 to 25 
ml. The distilling tubes have been more successfully 
used in semimicro work than ordinary distilling flasks 
of 10 to 25 ml. with straight side arm because they are 
easier to clean and because they permit boiling with 
less danger of contdiminating the distillate by a spray 
from the bumping liquid. The distilling tubes are made 
from ordinary six- and eight-inch Pyrex test tubes. 
The side arm is about 80 mm. in length and is curved 
slightly upward before it is bent downward for about a 
length of 10 mm., forming an end which can be con- 
nected to a delivery tube. A Claisen type of distilling 








made from an eight-inch Pyrex tube. 

The fractionating column originally described gave 
rise to difficulties due to accumulation of liquid at the 
top of the column, and therefore it has been modified. 
It has a length of 180 to 200 mm., and a diameter of 
8 to 9 mm. at the lower end and 20 to 22 mm. at the 
upper end for the insertion of a cork holding the ther- 
mometer. A spiral of nichrome or iron wire about 130 
mm. in length is placed inside the column to offer sur- 
face for condensation. The boiling vessel is an eight- 
inch tube fitted with a cork which holds the column. 

The semimicro condenser is of the ‘cold finger’ 
type. It consists of a glass tube about 150 mm. long 
and 8 to 10 mm. wide, sealed at one end. Through the 
opening is inserted an inner tube 160 mm. in length and 


1 Presented before the Division of Chemical Education of the 
American Chemical Society, 1038rd meeting, Memphis, Tennes- 
see, April 21, 1942. 

2 CHERONIS, J. CHEM. Epuc., 16, 28 (1939). 

3 Division of Chemical Education, A.C.S., 102nd meeting, 
Atlantic City, New Jersey, 1941; 103rd meeting, Memphis, 
Tennessee, and 104th meeting, Buffalo, New York, 1942. 

4 Cueronis, ‘“Semimicro and Macro Organic Chemistry,” 
Thomas Y. Crowell Company, New York, 1942. 








tube, useful in distillations under reduced pressure, is, 
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4mm. in width. The inner tube is held in position by 
means of a small piece of rubber tubing. The con- 
denser is attached to the water line by means of 5-mm. 
rubber tubing. Figures 1 and 2 show photographs of 
setups for simple and fractional semimicro distillations. 





FiGURE 1.—DISTILLATION BY MEANS OF AN 
EIGHT-INCH DISTILLING TUBE 


For vacuum distillation an eight-inch tube is modified 
like a Claisen flask by sealing a side neck of about 18 
mm. in diameter. The arm is sealed about 80 mm. from 
the mouth of the tube. The side arm has a length of 
about 140 mm. and is bent downward about 85 mm. 
from the side neck. An eight-inch tube with a micro- 
condenser serves as a receiver. The volume of liquid 
which can be distilled by such an arrangement is 5 to 
15 ml. Steam distillations are performed by using 
either a six-inch or an eight-inch setup. In the former, 
as described in an earlier paper?, a 250-ml. Erlenmeyer 
flask is employed as a steam generator; with the eight- 
inch tube, a metal bath 90 mm. in diameter and 70 mm. 
in depth is used. The top of the bath has four openings: 














FIGURE 2.—FRACTIONAL DISTILLATION 


two holes have a diameter of 20 mm., one 26 mm., and 
the fourth 35 mm. The eight-inch tube which contains 
the liquid to be steam distilled is fitted into the large 
opening by means of a cork or rubber stopper and 
reaches almost the bottom of the tube. Into one of the 
small openings a glass tube is fitted as a steam inlet 
and through the other a long glass tube to serve as a 
water and pressure gage. The remaining opening of 
the metal bath is closed by a solid stopper. It has been 
found that students have less difficulties with the eight- 
inch tube distillation setup than with the six-inch tube. 
Figures 3 and 4 show photographs of both setups. 

For semimicro crystallizations, beakers of 25-, 50-, 
100-, 150-, and 250-ml. capacity have been found con- 
venient. When the amount of substance to be crys- 
tallized is 100 to 200 mg. and the volume of solvent is 
small, test tubes may be used. Stirring rods of 4-mm. 
tubing are preferable to rods made of 6-mm. glass since 
in the use of the latter there is danger of tipping over 
the small beakers. 

Several types of filtration apparatus have been tried. 
The use of centrifuge tubes for two years did not prove 
entirely satisfactory with beginners. Similarly a fil- 
tering tube adapted after Wexler® proved quite useful 
with well-trained advanced students, but was not good 
for beginners. In this type of filter tube a mat of as- 
bestos fiber or paper pulp is formed above a small layer 
of glass beads. It is necessary for each student to have 
two or three of these filter tubes and to clean them 


WEXer, J. CHEM. Epuc., 18, 167 (1941). 












FIGURE 3.—SEMIMICRO STEAM DISTILLATION USING SIX-INCH 
TEST TUBE 


thoroughly after each use, an operation which the stu- 
dent at first omits. 

The apparatus found most convenient for semimicro 
filtrations consists of an ordinary glass Bunsen funnel, 
a perforated porcelain disc, and an eight-inch tube with 
aside arm. For ordinary filtrations which do not neces- 
sitate suction the glass funnel is used directly, as, for 
example, in filtering hot solutions. The same funnel 
is converted to a micro Biichner funnel by fitting into 
the funnel a 20-mm. perforated porcelain disc with 
beveled edges. The filter paper used is slightly larger 
than the disc. The funnel is fitted into the opening 
of the eight-inch tube having a side arm and suction is 
applied as usual. 

The separatory tube previously described was 
slightly modified. Separatory tubes are made of both 
six- and eight-inch tubes. It was found advisable for 
each student to have stoppers fitted with the tubing 
and clamp so that they could be changed from one test 
tube to another. The long glass tubing is 4 mm. in 
diameter and 180 mm. in length, with one opening re- 
duced to a fifth of the original size. 

For an eight-inch tube a No. 4 rubber stopper is used, 
and the air inlet tubing is 230 mm. long. Through the 
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other hole a short piece (50 mm.) of glass tubing is 
inserted so that it reaches the surface of the stopper but 
does not protrude through it. Two pieces of rubber 
tubing 45 to 50 mm. long and 3 to 4 mm. in diameter 
are fitted to the two glass outlets. Extraction with 
ether is accomplished in any test tube. The solvent 
is added and the proper separatory stopper is inserted 
and held down by the thumb. The screw clamp is 
closed and the tube is shaken; while the stopper is 
held down the clamp is cautiously opened to release 
any pressure, closed, and the tube is inverted for sepa- 
ration. The separatory tube may be used as a drop- 
ping funnel. Figure 5 shows a photograph of the 
separatory tube. All the semimicro apparatus is com- 
mercially available.® 


USE OF SEMIMICRO TECHNICS IN TEACHING 


It should be stated at the outset that most appraisals 
of teaching methods suffer from a disproportionate 
amount of opinion and too little experimental evidence. 
It is a common procedure for authors to claim that a 
particular selection of subject matter and arrangements 


_ gives superior results over traditional methods. The 


experimental evidence usually offered for such opinions 
is not of the same type or rigor as is offered for chemical 
behavior. To a certain extent this is inherent in all 
educational experimentation. The subjective factors 
in the results obtained cannot be removed even if the 
same teacher instructs two groups of students. Fur- 
ther, a teacher may obtain certain results with a teach- 
ing technic which cannot be duplicated by other teach- 
ers with similar groups of students. There are some 
factors which cannot be easily defined and duplicated, 
and the chief of these is the ability of certain teachers 
to impart enthusiasm into students. The same student 
may react psychologically to a particular teacher so as 
to exert an unusual amount of effort to master subject 
matter or technics, which he will not do in the same 
way with a different teacher. Therefore the question 
as to whether the semimicro can be used in place of the 
traditional macro technic in teaching elementary or- 
ganic chemistry amounts to asking whether any teacher 
can use these methods and obtain the same results as 
with the traditional ones. This, of course, immedi- 
ately involves a detailed statement as to what a teacher 
is aiming to accomplish by the laboratory work in or- 
ganic chemistry. Since to the authors’ knowledge 
there is no unanimity of opinion on the specific objec- 
tives of the laboratory course in organic chemistry, 
the approach followed in the appraisal of the semi- 
micro technics was to try them first on small groups of 
students after they had been initially introduced to the 
macro methods for about five weeks. Later, a group of 
about 40 students was divided into two matched 
groups; one group used the semimicro technic exclu- 
sively while the second group used the macro in most of 
the experiments, and the semimicro in a few which 
could not be easily adapted to macro methods. 


6 Semimicro apparatus for organic chemistry (Wilkens-Ander- 
son Co., Chicago.) 








FIGURE 4.—SEMIMICRO STEAM DISTILLATION USING EIGHT-INCH 
Test TUBE 





FIGURE 5.—SEPARATORY TUBE 
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The laboratory course in which the experiment was 
tried is a one-semester course consisting of 96 actual 
hours of individual laboratory practice. Table 1 
shows the content of the course; Table 2, the equip- 
ment issued to each group of students, and Table 3 
shows the performance of each group. Table 3 re- 
quires considerable explanation of the methods em- 
ployed in each experiment, particularly by the group 
using the semimicro technics. 


TABLE 1 


CoNTENT OF LABORATORY COURSE IN ELEMENTARY ORGANIC CHEMISTRY 
(One Semester, 96 Hours) 


Procedures 


Purification by crystallization. 

Purification by distillation (simple and fractional distillation). 
Determination of melting points. 

Identification of elements. 


Preparations Test Tube Experiments 


Preparation of methane 

Preparation of acetylene 

Properties of hydrocarbons 

Properties of monohalides 

Properties of hydroxy compounds 

Properties of amines 

Properties of aldehydes and ketones 

Properties of carboxylic acids 

Properties of acyl chlorides and 
amides 

Preparation of diazonium salts and 
their reactions 

Carbohydrates 

Proteins 


n-Decane or n-octane* 
Cyclohexene 

n-Butyl chloride 
ter-Butyl chloride 
n-Butyl bromide 

Methy]! iodidet 
Ethyldimethyl carbinolt 
Aniline 

Acetaldehydet 
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Benzoic acid 
Ethyl acetate 


* Wurtz-Fittig method. 
t Optional. 
t Grignard method. 
TABLE 


EQUIPMENT FOR ELEMENTARY ORGANIC CHEMISTRY 
(Locker Equipment Returnable) 


Semimicro Macro 


Beakers (25 to 400 ml.) 
Condensers 

Cylinder, grad., 10 ml. 
Calcium chloride tube 
Erlenmeyer flasks, 25 ml. 
Erlenmeyer flask, 125 ml. 
Evaporating dish, 30 ml. 
Fractionating column 
Funnels, 50 mm. 

Metal water bath 

Mortar and pestle 
Porcelain disc, 20 mm. 
Taermometer, 360° 

Test tubes, 8 in. 

Test tubes, 6 in. 

Test tube, 8 in. with side arm 
Watch glasses 

Burner 

Clamps, Hoffman, screw 
Clamps, buret 

Set cork borers 

Spatula, Monel blade 
Test tube rack 

Test tube holder 

Pair goggles 

Feet rubber tubing, 5 mm. 
Foot rubber tubing, 3 mm. 
Feet rubber tubing, 6 mm. 


Adapter 

Beakers (150-1000 ml.) 
Condenser, 400 mm. 
Condenser tube, 500 mm. 
Cylinder, grad., 100 ml. 
Distilling flasks, 50 to 250 ml. 
Calcium chloride tube 
Erlenmeyer flasks, 50 ml. 
Erlenmeyer flask, 125 ml. 
Erlenmeyer flask, 250 ml. 
Evaporating dish, 30 ml. 
Filtering flask, 500 ml. 
Flasks, 200 ml. 

Flask, 500 ml. 

Funnels, 65 mm. 

Biichner funnel, 100 mm. 
Mortar and pestle 

Pail 

Separatory funnel, 250 mm. 
Thermometer, 360° 

Test tubes, 8 in. 

Test tubes, 6 in. 

Test tubes, 4 in. 

Spatula, porcelain 

Test tube holder 

Test tube rack 

Burner 

Clamps, buret 

Clamps, Universal 

Set of cork borers 

Pair goggles 

Cork ring 

Feet rubber tubing, 6 mm. 
Foot rubber tubing, 5 mm. 
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As shown in Table 1, the introductory experiments 
include the purification of an impure compound by crys- 
tallization, practice in simple and fractional distilla- 
tion, determination of the melting points of the crystal- 
lized substance as well as of an unknown, and the usual 
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identification of the elements commonly present in 
organic compounds. The mixtures commonly em- 
ployed for crystallization with macro procedures are: 
(a) acetanilide, 90 g.; sand, 7 g.; benzoic acid or naph- 
thalene, 3 g.; (b) benzoic acid, 90 g.; sand, 7 g.; sali- 
cylic acid, 3g. The student is given 5 to 10 g. of this 
mixture. Usually no difficulty is experienced in ob- 
taining the pure compound after two crystallizations. 
If the semimicro technic is used and the student is 
given 0.5 to 1 g. of one of these mixtures, considerable 
difficulty is experienced in obtaining a pure product; 
at least, one-half of the students have about 0.2 g. 
left after the first crystallization. This is to be ex- 
pected, since all the procedures are new, and it is ex- 
pecting too much that a beginner start with 0.5 to 1 g. 
of an impure compound, carry out two or three crys- 
tallizations, and still have a sufficient amount to show 
for his labors. The difficulty can be remedied by 
adding only 0.1 to 0.2 per cent of benzoic acid or sali- 
cylic acid as an impurity. Under those conditions it is 
possible to obtain 0.2 to 0.6 g. of the crystallized pure 
compound in one crystallization. 


TABLE 3 


COMPARISON BETWEEN STUDENTS WORKING WITH MACRO AND SEMIMICRO 
TECHNICS 


SM-Group* M-Groupt 


Number of students 20 18 

Introductory experiments 4 4 

Test tube experiments 12 12 

Preparations (15 students) 12 8 

Number of students with more than 12 3 0 
preparations 

Average Yield, 
% Theory 


Average Yield, 


Preparation % Theory 


n-Decane es 
Cyclohexene 50 59 
n-Butyl chloride ae 
ter-Butyl chloride ‘e 
n-Butyl bromide 60 
Methyl iodide 5 es 
Aniline 5 68 
Ethyldimethyl carbinol cs 
Acetaldehyde es 
Cyclopentanone 62 
Benzoic acid oe 
Ethyl acetate 48 


*SM = Semimicro technic. 

t M = Macro technic. 

In the experiment of purification by distillation, 
both groups used a mixture of equal parts of methanol 
and water. The group using the macro technic em- 
ployed 100 ml. of the mixture for the fractional distilla- 
tion, while the group using the semimicro employed 20 
ml. of the mixture. These amounts were found neces- 
sary for beginners. Each student was required to 
plot the results obtained as shown in Figure 6, which is 
based upon the data of one of the better students. The 
difficulties encountered were about the same in both 
groups. The time required for the semimicro frac- 
tionation is less than that required by the macro, vary- 
ing from one-third to one-half. It should be remarked 
that practically all students require help in order to 
plot the curves from the data obtained. 

Reference to Tables 1 and 2 shows that the test 
tube experiments are the same for both groups; there- 
fore, comparison can be made only in the preparations. 
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Fractional Distillation of a 20 cc. Mixture of Equal parts 
Methanol and Water with Semiwaicro Apparatus 
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It will be noted that m-decane is used to illustrate the 
preparation of a paraffin hydrocarbon by the Wurtz 
method. The use of this type of preparation using 
the macro method is found in very few manuals.’ 
The reason for the absence of many experiments of this 
type is the danger in handling 10 to 15 g. of sodium 
metal. The danger is minimized by employing the 
semimicro method, in which the amount of sodium 
utilized is2.5g. Further, fair yields are obtained in the 
preparation of m-hexane, m-octane, and m-decane. 
Table 4 lists the yields obtained using the semimicro 
method. It will be noted that the student determines 
the refractive index of the product. A Fisher® re- 
fractometer has been found very useful for students. 
It is inexpensive and easy to operate, giving direct 


TABLE 4 


SEMIMICRO PREPARATION OF DECANE 
(Student Vields from 10 g. of n-Amyl Chloride) 


Yield in Per Cent 
Grams of Theoryt 


3.0 


Refractive 
Indext 


-408 (R) 
-412 
-419 
413 
-410 
.413 
413 
-413 
.417 
414 
.412 
414 
414 
413 
416 
415 
.412 
407 (R) 
412 
-412 


Student's 
No.® 


SOC OCO & & bt bt et et et et et 0 
AQANIWDWOOOOCONK KR KH eH PRR ROOD 
aeteateatealteateada ttn oan eee) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


* Numbers arranged according to descending yields. 


t Theory equal to 6.7 g. 
t Checked by instructor. m-Decane, mp = 1.4108, 1.4120. 


(R) Rejection. 


7 ROBERTSON, “Laboratory Practice of Organic Chemistry,” 
The Macmillan Company, New York, 1937, p. 243. 
8 Fisher Scientific Company, Pittsburgh, Pennsylvania. 
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readings to the second decimal, the third being esti- 
mated. The determination of refractive indices with 
this refractometer offers a convenient method in most 
cases for checking the purity of students’ preparations. 
In some cases the impurity may have a refractive index 
very close to that of the product. This is the case in 
n-decane, for which mp = 1.4108, while m-amyl] chloride 
Np = 1.4119. Therefore, the checking of refractive 
index is valid only if the student has refluxed the crude 
decane with 0.5 g. of sodium, which reacts with any 
unchanged amy] chloride. 

The preparation of cyclohexene is preferred to the 
traditional preparation of ethylene as an illustration of 
formation of olefins by the dehydration of alcohols. 
Table 5 lists the student yields of cyclohexene from 5 
ml. of cyclohexanol. It will be noted that the varia- 
tion of yields is between 13 and 72 per cent, but that 
one-half of the students obtained above 50 per cent of 
theory. The yields obtained by the group working 
with the macro method were on the whole higher. 
Few yields were below 20 per cent, while the average 
was 59 per cent. This is true in practically all prepa- 
rations; the yields by the macro methods are consist- 
ently higher. This is to be expected if the unavoidable 
losses due to handling are considered. If the yield 
according to theory is 25 g. and according to literature 
20 g., and the student loses in addition 5 g. through in- 
experience in technic, he has lost 20 per cent through 
this variable. If in the semimicro method the yield 
according to theory is 5 g. and according to literature 
4 g., and the student loses 2 g. through inexperience the 
loss is 40 per cent. The same trends are shown in 
Table 6, which lists the student yields in the semimicro 
preparation of n-butyl bromide using 5 g. of 1-butanol. 
In the macro method the amounts used were five times 
the amounts used in the semimicro. 


TABLE 5 


SEMIMICRO PREPARATION OF CYCLOHEXENE 
(Student Yields from 5 MI. Cyclohexanol) ~* 


Yield in Per Cent Refractive 
Grams of Theoryt Indext 


-446 
445 
443 
-445 
443 
442 
442 
426 
.443 
442 
-446 
442 
.442 


Student's 
* 


a a- e eee eee e 


--. (R) 
443 
443 
445 
400 (R) 
443 

410 (R) 
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No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1l 
12 
13 
14 
15 
16 
17 
18 
19 
20 


tt et et et es 


* Numbers arranged according to descending yields. 
t Theory equal to 3.8 g. 
t Checked by instructor. 
(R) Rejection. 


Cyclohexene, mp = 1.44921. 


Methyl iodide was prepared from methanol, phos- 
phorus, and iodine. It was performed as an optional 
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TABLE 6 
SEMIMICRO PREPARATION OF ”-BUTYL BROMIDE 
(Student Vields of 5 G. 1-Butanol) 

Student's Yield in Per Cent Refractive 
No.* Grams of Theoryt Index} 
1 4.5 49 1.436 
2 4.5 49 1.438 
3 4.2 46 1.438 
4 4.2 46 1.435 
5 4.1 45 1.435 

6 3.8 41 1.410 (R) 
 f 3.5 38 1.438 
8 3.2 35 1.438 
9 3.1 34 1.435 
10 2.8 30 1.435 
11 2.3 25 1.438 
12 2.3 25 1.435 
13 2.2 24 1.438 
14 2.1 23 1.438 
15 1.2 13 1.430 
16 1.0 1l 1.435 


* Numbers arranged according to descending yields. 

t Yield according to theory is 9.2 g. 

t Checked by instructor. m-Butyl bromide, mp = 1.4398. 
(R) Rejection. 


experiment by those members of the group using the 
semimicro method, who mastered the technics rapidly 
and hence had a great deal of available time. Aniline 
was prepared from nitrobenzene. The Grignard re- 
agent was used for the preparation of ethyldimethyl 
carbinol and benzoic acid. Both groups used the semi- 
micro technic. The details of all the preparations have 
been published.‘ 

In the preparation of ethyl acetate the students 
using the semimicro technic were shifted without pre- 
vious notice to macro equipment. No instruction was 
given as to the setups to be used, except what ap- 
peared inthe manual. This limited trial was performed 
in order to ascertain if students who were trained in the 
semimicro methods would find the transition to macro 
equipment extremely difficult. The results varied 
from complete lack of ability to follow the directions 
in the manual in setting up the macro distilling flask 
and condenser to perfect performance. In general, 
the students who had good mastery of the semimicro 
technic asked no questions, while those who always 
had difficulties in the laboratory required help. It 
will be noted from Table 3 that a few students in the 
group using the semimicro technics were able to finish 
more than twelve preparations, while in the group 
working with macro methods no student was able to 
finish more than eight. Since the students were 
matched, it can be said that both groups had good 
students. This observation in no way places any 
premium on the amount of work done. 


APPRAISAL OF SEMIMICRO TECHNIC 


As previously noted, an appraisal of the advantages 
and disadvantages of the semimicro technic for indi- 
vidual laboratory practice in elementary organic chem- 
istry can be discussed only in the light of the objectives 
which one seeks to attain. The aims of the laboratory 
work described are: (a) To acquaint the student with 
the methods used for the preparation of representative 
members of the most important groups of organic com- 
pounds. Since the carbon compounds are arranged into 
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groups which show related properties, the preparation 
of one or two members from each group serves to illus- 
trate reactions which are applicable to an entire class 
of compounds. (b) To provide a systematic study 
of the general properties and reactions of the simpler 
groups of compounds. (c) To develop the simpler 
skills and technics necessary in the study of this par- 
ticular field of experimental science. A number of 
other aims can be listed; for example, that the labora- 
tory course will contribute to the teaching of the sci- 
entific method, aid in the development of critical 
thinking, enhance the student’s enjoyment in learn- 
ing “how things happen,” etc. The latter aims, how- 
ever, are regarded as by-products of any well-organized 
laboratory course in science. 

In appraising the semimicro technic according to the 
aims listed above, it will become apparent that prin- 
ciples, facts about reactions, and methods of prepa- 
ration can be illustrated as well if one prepares 1 to 
2 g. of an organic compound instead of 25, 50, or 100 g. 
Likewise the systematic study of the general or group 
reactions of organic compounds are as easily made 
with 0.5 g. as with 10 g. of substance. The develop- 
ment of skills aims, first, at enabling the student to 
understand the present work, and second, at prepara- 
tion for further study in the same field. There can be 
little doubt that the semimicro technic enables the 
student to understand the first year’s work in organic 
chemistry; however, there can be serious doubt as to 
whether the student who learns exclusively the semi- 
micro technic will be able to set up the traditional dis- 
tillation equipment. Assuming that such a deficiency 
will exist it cannot be considered as a serious matter 
for the student who will not follow chemistry, as, for 
example, the engineering or premedical student. 
Experience has shown that the student who is to con- 
tinue in the study of organic chemistry beyond one 
year acquires quickly the use of macro equipment if 
he has mastered micro technics. 

The results obtained with the experimental groups 
of students can be summarized as follows: (a) Good 
students do well with either macro or semimicro 
methods, and when given their choice usually prefer 
the semimicro. (b) Poor students have greater initial 
difficulties with semimicro than with the macro meth- 
ods, and when given their choice they usually prefer 
the macro methods, since they obtain a few grams to 
show for their efforts. (c) Work with semimicro 
equipment demands greater care and a higher degree 
of precision than work with the usual macro equip- 
ment. Although this may be considered an advan- 
tage, it may tend to discourage certain types of students 
who have tendencies to be careless and clumsy while 
handling apparatus. In the authors’ opinion the 
teaching of mediocre and poor students is at least as 
important a task as the teaching of the superior stu- 
dents. (d) In most cases the time required for a prepa- 
ration by the semimicro method is about one-half or 
less than the time required by the macro method. (e) 
The accident hazard is reduced greatly when the semi- 








— ai ee ake ee Ue Ce 


ny 





; 
f 
¢ 
t 
; 
5 
f 
f 
t 











SEPTEMBER, 1943 


micro technic is used, since the amount of reagent and 
size of equipment have been diminished 80 to 90 per 
cent. (f) The use of semimicro technics permits 
greater variation in the laboratory. Many experi- 
ments, such as the use of the Grignard reagent for the 
preparation of carbinols or carboxylic acids, may be 
done by beginners. Also the technics permit a wide 
selection of experiments both for the exceptional and 
the average student. (g) Finally, the cost per student, 
for initial investment, for materials, and for breakage 
is smaller. 

The above conclusions indicate that a number of 
advantages may be reasonably claimed for the use of 
the semimicro technic in the teaching of experimental 
organic chemistry. A number of these advantages 
are very obvious in view of the wide adoption that the 
semiimicro technic has had recently for the teaching of 
qualitative analysis. Notwithstanding these advan- 
tages there are two factors which may somewhat re- 
tard adoption of semimicro technics for teaching or- 
ganic chemistry. The first of these factors is that poor 
students need greater care by the teacher, since they 
will encounter somewhat more difficulty than by the 
use of macro methods. If the expected yield is 2.5 g. 
and the student loses 2.0 g. by carelessness, he has 
very little to purify and show as evidence of his efforts. 
On the other hand, if the expected, yield is 25 g. and the 
student loses 10-g. in handling, he still has an ade- 
quate amount of substance to purify. This is par- 
ticularly true of liquids. This difficulty is not in- 
surmountable. It requires greater effort on the part 
of the teacher to help the student and also to point out 
that other students working with the same amounts and 
directions obtain good results and thus to urge self- 
improvement. It has been found that if the student is 
excused from part of the work and is asked to repeat the 
experiment until he himself is satisfied, the technics are 
mastered in most cases. 

The second obstacle to an intmediate wide adoption 
of the semimicro technic is more formidable because 
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it is psychological. A number of teachers of organic 
chemistry feel an aversion to experiments involving test 
tubes. This, perhaps, can be overcome by ‘‘dressing 
up” the apparatus, but it will, of course, increase the 
cost. Without entering into a discussion as to the 
causes of this feeling, it will be better to accept it on 
the basis of ‘‘de gustibus non disputandum.” There is 
also a feeling among a good many students that it is 
more gratifying to prepare 25 g. of a substance than 
1 to2g. One can hardly fail to sympathize with such 
a feeling when the whole social surrounding is bent on 
the edification and acquisition of ‘‘quantities’’ whether 
these may be buildings or pieces of gold and silver. 
In the authors’ opinion there is a definite trend toward 
displacement of the macro by the semimicro methods. 
These trends have been accelerated recently by forces 
from two directions. 

The first is the force that current research and indus- 
trial practice have on teaching methods. A large part 
of modern research in organic chemistry, particularly in 
vitamins, hormones, and other compounds not avail- 
able in large quantities, is accomplished by using almost 
exclusively micro apparatus and micro quantities of 
substances. The second force is the impact of war. 
The demand for economy and conservation of mate- 
rials, the scarcity of certain chemicals, priorities, and 
the desire of every teacher to do everything possible 
for the war effort have brought about a critical ex- 
amination of accepted practices. The use of 2000 g. 
of tin by a class of 30 students a few years ago, in 
order to prepare aniline from nitrobenzene, did not 
seem a horrible waste to many people. Today all 
teachers agree that such a practice deserves a more 
drastic characterization than ‘‘wasteful.’’ As a conse- 
quence, there is great receptivity at this time to ex- 
perimentation with new methods to displace the tradi- 
tional and accepted. 

The authors wish to acknowledge the help of the 
following students who aided with parts of this work: 
Alford Anderson, Carl Anderson, and Richard Erhardt. 
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important branch of chemical education. Yet when 
it comes to matters seriously concerning this branch, 
the Division of Chemical Education is generally thought 
to be incompetent to handle them satisfactorily. 

And perhaps it is. But if so it is because the men 
whose administrative job is guiding the professional 
training of chemists are not the guiding spirits of this 
Division. 

So we have the spectacle of a Division of Chemical 
Education which does not completely represent the 
whole field of chemical education. It has often been 
criticized for not representing fully the field of second- 
ary school chemistry; similarly it does not represent 
completely the uppermost level of the scale. 

The engineers do not have this anomaly, principally 





because their whole effort is professional; there is no en- 
gineering education below the university level. The 
physicists have avoided the problem by virtually 
abandoning the secondary schools and concentrating 
on the higher level. 

As for us, we would be very reluctant to forsake the 
background of work in the more elementary fields, 
which has been laid with such great effort over such a 
long time. Nor need we do so, probably; if it cannot 
be reconciled with development at the other end of the 
educational scale we face a difficult decision. But it 
does seem that the time has come for the Division to 
take a more prominent place in the field of professional 
education and to enlist in its service the kind of men 
who can give weight to our efforts in that field. 
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WE. HAVE some suggestions from E. S. Shanley, 
of the Buffalo Electro-Chemical Company, con- 
cerning cutting glass tubing, and more particularly, 
large bottles and carboys. The use of an electrically 
heated wire for glass cutting will not be new to most 
of our readers. For varying the resistance in the 
circuit he uses two of the familiar cone-shaped heating 
coils and makes contact with an ordinary battery 
clip. Scrap nichrome wire, 28 gage, from old heating 
elements, does very well for the cutting; it should be 
wound tightly and completely around the work, but 
without crossing itself, and the resistance should be 
adjusted so it is heated to a fairly bright red. A file 
scratch, first, helps to make a clean cut, and if longi- 
tudinal cracks appear, overheating is indicated. The 
most interesting use is in cutting off the broken tops of 
large bottles, or even big, 13-gallon carboys, to make 
water baths or round aquarium jars. 

To do this, fill the bottle to the desired cut-off point 
with water. Completely encircle the bottle with the 
wire, right at the water level, and heat for one or two 
minutes—which may take patience. A squirt from a 
wash bottle—crack!—and the top can be lifted off. 


@ Several hundred chemicals and chemical processes 
are said to be required to outfit a soldier for modern war- 
fare, and more than a ‘thousand chemicals required 
in the composition of a modern battleship. A more 
detailed account of this would be interesting. 


@ Though great emphasis has been laid on the deriva- 
tion of synthetic rubber from petroleum, it is not 
generally known that nearly one-third of the ‘‘synthetic 
tires” consists of carbon black. Several new types of 
this reinforcing agent have been developed. 


@ We now hear about the “wheat tire.” Farmers grow 
wheat, which is processed for its starch, which is 
hydrolyzed to sugar, which is fermented to alcohol, 
from which butadiene is made. The latter is poly- 
merized with styrene to produce ‘Buna §S,’’ which, 
eventually, reappears as a tire for the farmer’s truck. 


@ There is a new ‘cement’ for uniting light metals 
such as aluminum and magnesium, which are joined 
by a film or tape. When the joint has been “cured” 
by pressure-heat treatment a bond is formed that is 
said to be stronger than spot welding or riveting. 


e@ “Welding Alcoa Aluminum,” a booklet recently 
distributed free, by the Aluminum Company of America 
(Pittsburgh, Pennsylvania), contains a considerable 
amount of valuable and interesting material about the 
fabrication of aluminum, as well as a number of attrac- 
tive pictures of the various operations. 


e@ Tony Cifonelli, of the University of Minnesota, 
sends in a little note on making thin-walled melting 
point and capillary tubes. A series of shallow bulbs 
is blown in a piece of 6- or 8-mm. tubing by drawing 
out slightly as each bulb is blown. Then each bulb 
is heated in turn, rotating continuously in a bushy flame 
until at the drawing-out stage. The drawing out 
is then done immediately on removing the tube from 
the flame. 


e A new booklet, entitled Electronics at Work, may be 
had from the Westinghouse Electric and Manufactur- 
ing Company (East Pittsburgh, Pennsylvania), de- 
scribing electronic applications in industry, in the war, 
in medicine, and in the home. A 20-minute, 16-mm. 
sound movie, under the same title, has also been re- 
leased by the same company, for free loan to war plants 
and engineering and technical societies. 


e Librarians, counselors, deans, teachers, and school 
administrators will be interested in Best Books of 1942 
on Occupational Information and Guidance, a new 
selection by Robert Hoppock and Samuel Spiegler, 
just released by Occupational Index, Inc., at New 
York University. Single copies are 25 cents. 


@ We have received from the Department of Chemis- 
try of Princeton University a list of surplus chemicals 
and apparatus on hand in their storerooms which they 
are willing to sell at the reduced prices indicated. This 
movement is prompted by the thought that many in- 
stitutions may have difficulty just now in getting such 
items as these and that the best interests of everyone 
may be served by cooperation and pooling of general 
resources. Perhaps other institutions have similar 
surpluses and it has been suggested that the JoURNAL 
OF CHEMICAL EDUCATION might be a useful means of 
spreading such information. 


@ One of our frequent contributors, Shailer Peterson, 
of South Dakota State College A & M, Brookings, 
South Dakota, has made a suggestion to relieve the 
shortage of science equipment in our high schools (and 
many colleges). He advocates the establishment of 
central agencies from which such equipment (apparatus, 
films, models, etc.) could be rented. Whether central 
supply houses would serve as such agencies, or non- 
commercial, state bureaus of some kind, is a detail 
which could be worked out. At any rate, a preliminary 
survey has indicated that many schools would be 
interested in such a plan, which might go a long way 
toward solving the serious problem of equipment which 
has been aggravated by the wartime stimulation of 
science courses. 
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Public Education on War Gases 


OTTO EISENSCHIML 
The Scientific Oil Compounding Company, Chicago, Illinois 


OW IS the time for all of us to decide whether or 

not we want to take the subject of civilian gas 
defense seriously. I am not pleading the case one way 
or the other. Every man must decide for himself. Ifa 
person feels that he wants to remain uninformed and 
take the consequent risks, I offer no objection. But if 
he wishes to inform himself, he had better do so at once 
and thoroughly. Likewise, each community must make 
its own decision. If it considers a gas attack im- 
possible, or so highly improbable that it may be dis- 
missed as visionary, let it junk that part of its defense 
setup which pertains to gases; but if danger from this 
source is conceded, and a defense prepared, it should 
be prepared 100 per cent. Any middle-of-the-road 
policy is absurd. If a man owns a 25,000-dollar house 
and believes it immune from fire, he should carry no 
insurance. If he believes a risk exists, he should 
carry a policy for 25,000 dollars. To insure the house 
for, say, 200 dollars would be farcical; yet that is ex- 
actly what we, the overwhelming majority of people 
and communities of the United States, are doing now 
in regard to gas defense. 

Let us be frank about this. Our average citizen 
is unprepared to protect himself in case of a gas attack; 
although self-help is what he must depend on princi- 
pally, he is totally uninformed on the subject. This state 
of unpreparedness must be known to our enemies, and 
may induce them to attack us. Even if the damage 
done by such an attack were negligible, the ensuing 
panic might disorganize our war production and would 
certainly hit a sharp blow to our civilian morale. 

Preparations to protect our civilian population 
against a possible gas attack so far have been con- 
centrated on the establishment of control centers, ap- 
pointment of gas reconnaissance agents, training of 
decontamination squads, and other efforts to organize 
a competent headquarters staff. Contrariwise, the 
education of the general public has been unorganized 
and haphazard. But a staff without an educated 
public back of it cannot function any more than an 
army staff without well-trained soldiers. A city may 
provide stop lights, speed limits, and other precau- 
tionary measures for its citizens against the risks of 
automobile traffic, but unless the public knows what 
these risks are, the value of such safety measures re- 
mains doubtful. Protection against poison gases, like 
protection against traffic risks, is largely a matter of 
quick and intelligent self-help, and self-help must be 
based on knowledge and training. If you don’t jump 
out of the way when a reckless driver bears down on 
you, you go either to the hospital or to the morgue, stop 
lights and speed limits notwithstanding. 


The means at our disposal to disseminate informa- 
tion regarding war gases consist of the printed word, 
moving pictures, radio, and lectures. All these 
methods have been used, none too successfully. I shall 
discuss each in turn. 


THE PRINTED WORD 


Most magazines have published articles on poison 
gases during the last 18 months. Some were sensa- 
tional, others helpful. One of the best that has come 
to my attention, written by Leonard Milliman, ap- 
peared in Collier’s on September 26, 1942; the others 
ranged all the way from good to bad. Most of them 
contained mere encyclopedic information on the gases 
of the last war. I recall few cases where the writer’s 
scientific or military background appeared impressive. 

Publication of these articles has vitiated the useful- 
ness of this field for further educational efforts. Maga- 
zines can hardly be expected to exploit the same sub- 
ject twice in short succession, and therefore cannot 
keep the topic up to date. Amittedly, even the best 


articles on implements of war become obsolete in a 
short time, for war itself is in a constant state of flux. 


Today no one would accept as correct any information 
on airplanes issued a year ago, even if it had come from 
the highest authority. Their design, weight, speed, 
and bomb loads have changed. The situation in re- 
gard to gases is not much different. After lecturing 
on this subject for 18 months, I now wish I had my 
early audiences back, so as to re-educate them. 

To rejuvenate the magazine or newspaper field, a 
new approach will have to be found. It must deal 
with fundamentals, not with developments likely to 
change overnight. Emphasis should be on simplicity 
and clarity, not on brilliancy. An article will be suc- 
cessful if the reader feels that, after having digested 
it, he has a fair chance to come through a gas attack 
unharmed. Anything tending to obscure this goal 
should be taboo, and technical terms are out. When 
people are bitten by a snake, they don’t care much 
about the Latin name of the reptile, its habitat, and 
its sex life. What they want to know is how to survive. 


MOVING PICTURES 


Several films have been released to illustrate defense 
against gas attacks. They are all good as far as 
they go; nevertheless I think they are liable to do 
harm as well as good. The films produced by the 
Signal Corps of our Army, for instance, are undoubt- 
edly faultless, but not applicable to civilians. One 
picture, which I have seen frequently, shows marching 
troops being attacked by low-flying planes. The 
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soldiers scatter and put on their gas masks. Civilians 
have no gas masks. Each time this film was shown in 
connection with my lecture, the audience stormily 
demanded to be supplied with like protection, and it 
took all my persuasive powers to convince them that 
civilians need no gas masks because they can seek 
shelter indoors. 

This picture then shows a soldier who, either through 
carelessness or hard luck, has been contaminated by 
gas of the mustard type. He is sent to a field station 
where he is treated with a special ointment (which 1s not 
available to the public), while his eyes are treated with 
special solutions, all ready to apply. Not every house- 
hold has such remedies in its medicine chest. It all 
adds up to this: the average spectator throws up his 
hands in despair, convinced that he is helpless because 
the first-aid preparations of the army, which are 
depicted as indispensable, are beyond his reach. 

I know of only one film especially made for civilian 
consumption. It is issued by the Clorox Chemical 
Company and, although it is a fine piece of work present- 
ing much useful information, I do not show it to my 
audiences because I am not in agreement with some of 
its points. The film portrays accurately the diagnosis 
of a phosgene-type gas casualty and the proper steps 
people in houses should take to keep gases out. As I 
see it, though, it does not bring out clearly enough that 
absolute rest, extending from 24 to 48 hours, is the 
prescribed remedy, for it advocates this course only by 
word of mouth, not by sight. Unfortunately, people 
forget more of what they hear than of what they see. 
If this were not so I would gladly let my audiences see 
the picture and explain away what I consider its 
weaknesses; for on the whole the film is interesting, 
instructive, and artistically done. 

At a later stage this film shows a girl with a blister 
caused by a mustard-type gas, but while it is men- 
tioned again that she should go to a hospital, the spec- 
tator does not see her go there. Even in my own mind 
the impression has remained that she is indifferent to her 
injury and is about to proceed with her daily routine. 
The greatest fault I find with the picture, however, is 
the behavior of a man caught outdoors during a mus- 
tard gas spray attack. In the first place, nobody 
has any right to be caught outdoors, as sufficient warn- 
ings should enable everyone to seek shelter. Many 
people who saw the picture and to whom I talked after- 
ward had become imbued with the fear that gas attacks 
might descend on them like bolts from a blue sky. 
Presumably the man shown in the film was bombed 
out of his house or driven from it by an uncontrolled 
fire. Should this not have been indicated? 

Arriving at a neighbor’s house, the contaminated 
man takes off his shoes and outer garments while 
standing on the back porch. Here we have the crux 
of a highly controversial feature. I do not wish to be 
arbitrary, but no contaminated person could enter my 
house with a stitch of clothing on and without prelimi- 
nary cleansing. I also would thank him to do his un- 
dressing farther away from my back door and not 
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contaminate my porch. A man’s outer garment may 
momentarily protect his underwear and his skin; but 
can he or anyone else be sure that droplets of poison 
gas do not adhere to his hair or other exposed parts of 
his body? No. I would hand my visitor some soap 
and water, and he would have to use both before being 
admitted. And how about women, especially in the 
summertime? (War gases are primarily summer 
weapons.) When I look at the flimsy blouses and 
dresses of the girls around me, I cannot see how a splash 
of poisonous liquid could fail to penetrate to their skin 
in less time than one can measure without a stop 
watch. Since it is impracticable to issue different 
instructions for different situations and different people, 
we must adjust our instructions to the lowest denomi- 
nator—in this case to women with flimsy garments. 
Therefore, no one could enter my house unless he or 
she undressed completely. Completely. And in this 
respect and by omitting the preliminary cleansing, the 
Clorox film advocates what I consider a debatable pro- 
cedure. 

I am fully aware that the Office of Civilian Defense 
has passed the Clorox film and is in accord with its 
doctrines; but the problem involved is a scientific one 
and cannot be settled by reference to authorities. 
Science recognizes no human Supreme Court, and to 
quote authorities in this case would be begging the 
question, not answering it. 

In spite of all this, the Clorox Chemical Company de- 
serves much credit for its pioneer effort. A revised edi- 
tion of this film could easily make it one of the outstand- 
ing educational features in our Civilian Defense setup. 


’ RADIO 


Radio information suffers from the drawback that it 
appeals to the ear only. We are again up against the 
truism that spoken words do not cling to the memory. 
In addition, it is not easy to make a radio talk on gases 
dramatic enough to hold the listener’s attention for 
any appreciable length of time. In Chicago we have 
tried to overcome this difficulty through a 25-minute 
round table discussion, in which a somewhat dull girl, 
in fear of a gas attack, asks puerile questions and is 
gradually educated in gas lore, until her terror subsides. 
We have tried to put humor and some clever repartee 
into the broadcast. Four prominent chemists, all of 
them graduates of the Purdue War Department Civilian 
Protection School, are to take part in the discussion. 
This attempt at gas education via the radio route may 
or may not prove successful. It will be difficult to 
judge its efficacy until after a considerable lapse of 
time. 

There is one service, however, which the radio can 
render with unquestionable results. Some day, some- 
where, a real gas attack may be attempted, or a false 
rumor concerning one may crop up. Should this be the 
case, a population gripped by terror is sure to clamor 
for quick information. Naturally it will be impossible 
to provide, at a minute’s notice, enough speakers and 
meeting places to satisfy such a sudden demand. It is 
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for this reason that Chicago has prepared two emer- 
gency radio lectures, one of five minutes’ and one of 
ten minutes’ duration. The shorter one is planned 
for every hour; the other one may be read at longer 
intervals. Both lectures teach in clear, simple and 
concise language elementary self-help and _ self-pro- 
tection and will probably calm exaggerated fears, while 
at the same time imparting badly needed knowledge. 
These two lectures are to be recorded, but the records 
_are not to be used unless and until an emergency 
arises, so as not to interfere with the attendance at 
lectures. After all, gas protection, like first aid, can- 
not be taught by long-distance conversation. No one 
has ever learned by mere word of mouth how to apply 
a tourniquet. 


LECTURES 


So far no coordinated efforts have been made to 
deliver platform lectures on war gases uniformly or 
effectively. While lecturers abound, most of them 
possessed of sound chemical knowledge, they do not 
all follow the same lines of thought, and each uses his 
individual method of instruction. Unluckily, chemists 
are, on the whole, poor speakers. Some of them use 
scientific terms or chemical formulas and, as a con- 
sequence, their speaking halls often empty out pre- 
maturely. I have. listened to some of these lectures 
and have observed their utter inadequacy. When a 
speaker talks down to his audience he quickly loses its 
sympathy. I have seen lecturers read their talks, and 
each time they lifted their eyes from the printed lines, 
they found less people confronting them. I believe this 
situation could be remedied through the adoption of a 
uniform lecture, nationally approved and put into the 
hands of specially trained speakers, preferably chemists 
or men of science; for it is not enough to deliver a 
lecture; the speaker must also hold his own during 
the question period. Even then, lectures are likely to 
be ineffective unless they are accompanied by demon- 
strations. I learned this lesson the hard way and lost 
many listeners before I hit on this expedient. 

I have heard the argument that only a natural-born 
speaker can be successful. This simply is not so. 
Any man fired with zeal for his subject can arouse 
interest. No one who has listened to a man with a 
hobby will doubt this statement. I have yet to find 
a chemist who was not fascinated by the subject of 
war gases; therefore, he can transmit his interest 
and knowledge to others, even if the quality of his 
delivery be below par. A few practical hints on speak- 
ing and a copy of some lecture that has proved ef- 
fective will start him out and keep him going, until he 
develops his own technique. 

Official Operations Letters issued by the Washington 
Office of Civilian Defense suggest letting gas knowl- 
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edge filter from the top to the bottom—from the chem- 
ist-specialist to other chemists, from them to the air 
raid wardens or block captains, and from them to the 
people at large. I disagree wholeheartedly with this 
idea. It reminds me of the old parlor game in which 
a word is whispered around the table. By the time 
it comes back to the originator, it has become so dis- 
torted that it is unrecognizable. So will be the gas 
specialist’s instructions by the time they reach the man 
in the street. 

I consider gas lectures of little value unless the entire 
audience at the conclusion of the talk is provided with a 
refresher leaflet containing a digest of the essential 
instructions given. I have seen four such leaflets, 
issued by four different agencies. They give divergent 
directions, which is regrettable and confusing. 

By and large I believe radio talks and platform 
lectures are the best means of educating the public on 
war gases, because these two methods allow prompt 
changes, an advantage denied to printed articles and 
moving pictures. A moving picture remains static 
until the film is withdrawn; a printed article remains 
a permanent source of information—or misinformation. 
Conversely, radio talks and lectures are flexible and 
can be adjusted to new developments at once. Of the 
two, I consider the platform lecture superior, because it 
allows for discussions and demonstrations, and thereby 
for more thorough instruction. In important cases, the 
audiences can be recalled to be reinformed. In addi- 


tion, its effect can be gaged immediately, while the 
radio speaker at best receives only incomplete and 


possibly inaccurate reports of the impression he has 
made on his listeners. 

I admit that all methods of information at our dis- 
posal suffer from the handicap that we dare not tell 
our audiences the whole truth. We may advise them 
to put themselves under a doctor’s care, although we 
are not convinced that all our doctors at present know 
how to treat gas cases. We may advise them to go to 
hospitals, but we entertain serious doubt that all these 
institutions are as yet equipped to meet a gas emer- 
gency. We know how to decontaminate if we have 
chloride of lime and other needed materials, but many 
locations lack these essentials. We dare not tell our 
lay public that the staff machinery still creaks in its 
joints, and that much training and drilling will be 
required to make it proficient. The problem of 
cleansing stations is still unsolved. Many other 
questions remain unanswered. None of those who 
carry the heavy end of the responsibility have had 
practical experience in a civilian attack, because no 
such attack has ever been made, 

In my opinion the remedy lies less in glossing over 
embarrassing facts than in straining every effort to 
strengthen our civilian gas defense at every point and 
in every direction, 


Housewives have found that an application of clear synthetic resin sealer will protect 
clotheslines against rust, will also make them easier to clean and keep clean. 











HIGH-SCHOOL CHEMISTRY 


Simple Tests Identify White Metals’ 


Reliable in result, they eliminate guesswork by the eye and can be carried out with inexpensive and readily available 


equipment. 





{ pom BEST method to insure thorough recovery of 
high nickel alloy scrap is segregation at the bench 
or machine where scrap originates. However, con- 
tainers in which the scrap is collected can sometimes 
lose their identifying label, or otherwise be misplaced. 
Since many of the alloys have much the same appear- 
ance, the eye test is not a safe guide, and two mate- 
rials mutually unsuited for each other’s use may be- 
come mixed if this test is relied upon. 

Mix-ups also are apt to occur in the storage of metals 
in warehouse and in the shop where dissimilar materials 
often are used along the assembly line. Sometimes the 
form and shape of these pieces are the same. 


Nitric Acid Test 
Reaction to 


Magnetic Test 


Essential in scrap recovery, they also are useful for identification of materials in process and storage. 





TABLE I 


QUALITATIVE TESTS FOR IDENTIFYING SomE COMMON WHITE METALS AND ALLOYS 





the material seems to be nonmagnetic, a more sensitive 
method is to balance the magnet, or the specimen, on 
the edge of a bench or desk and bring the specimen . 
close to the magnet or vice versa. If the material is 


magnetic the balance will be upset and the movement 
of either the magnet or the specimen will be observed. 
Suspension of the magnet on a string and carrying the 
specimen up toward it will bring similar results. 

In the nitric acid test, the surface of the test piece 
should be clean to insure direct contact between the 
acid and the metal. One or two drops of concentrated 
acid are then applied, and after a minute or two any 
reaction that takes place can be observed. After this 


Drop Test with 
Cupric Chloride 
















Reaction to Reaction to Acid after Color of the Iron Nail Test in Hydrochloric 
Magnet Conc. Acid Dilution Solution for Copper Acid Material Probably Is 
Magnetic Reacts slowly Reactsslowly Pale green No copper plates Not required Nickel 
out 
Magnetic* Reacts Reacts slowly Greenish blue Copper plates out Not required Monel 
(slightly) 
Nonmagnetic Reacts Reacts Bluish green Copper plates out Not required Copper-nickel alloy containing less than 
60 per cent nickel, ¢. g., nickel-silver 
Magnetic Reacts slowly Reacts Brown to black Not required Not required Steel or cast iron 
Nonmagnetic Reacts slowly Reacts Brown to black Not required Not required ‘*Ni-Resist’”’ 
Magnetic No reaction No reaction Colorless Not required Not required - Straight chromium stainless steel 
Nonmagnetic ft No reaction No reaction Colorless Not required Copper deposits Chromium-nickel stainless steels, ¢. g. 
when drop is ““18-8"t 
diluted 
Nonmagnetic No reaction No reaction Colorless Not required No deposition of Inconel 





dipped in ice water or freezing mixture. 
common metal behaves in such fashion within this range of temperatures. 


copper occurs 


* While Monel is usually magnetic at room temperatures, it sometimes can appear nonmagnetic. In such cases it usually will become magnetic when 
Or, if magnetic at room temperature, it becomes nonmagnetic when heated or dipped in boiling water. No other 
“*K” Monel is always nonmagnetic. 


t Normally nonmagnetic, the 18-8 type alloys may sometimes become slightly magnetic as the result of cold-working. The nitric acid test in such cases 


becomes a more reliable method of identification. 


t In some cases it may be desirable to distinguish between stainless steel of the 18-8 type without added molybdenum from that to which molybdenum 
has been added. This test is made by immersing the specimen in question in a solution in water of 75 per cent by weight of ortho-phosphoric acid and 
1 to 30 g. per liter of common salt at 140° to 200°F. If molybdenum is not present bubbles of hydrogen will begin to form within 30 seconds. If molyb- 


denum is present bubbles will not form. 


There are four simple identification tests which 
can be carried out with the aid of inexpensive and read- 
ily available supplies. These are the magnetic test, 
the nitric acid test, the test for copper with an iron or 
steel nail, and a test with the use of cupric chloride 
solution. 

Behavior of eight familiar metals under each of these 
tests is indicated in Table I. Methods for carrying 
them out are almost as simple as the equipment re- 
quired. 

In the magnetic test, the magnet should not be 
brought into contact with the specimen, care having 
been taken that no magnetic material such as iron or 
steel is beneath, or in the immediate vicinity of the 
specimen. The magnet will or will not be attracted to 
the specimen. When in doubt, and especially where 


1 Reprinted, with permission, from Inco. 
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reaction has been noted, the acid should be diluted 
with three or four drops of water, one drop at a time. 
Should the solution turn either green or blue, the 
third, or so-called ‘‘nail test,’’ should be used. 

A clean iron or steel nail is rubbed in the acid solu- 
tion on the metal surface, the nail being kept in contact 
with the specimen. If the alloy contains copper, there 
will be a deposition of copper either on the nail, or 
on the surface of the metal under the acid solution. 
Finally, a drop or two of additional water should be 
added as the nail is rubbed around to prevent the 
deposited copper from redissolving the acid. 

Chief value of the fourth test is to distinguish Inconel 
from the 18 per cent chrome—S per cent nickel type of 
stainless steel. In this test a drop of cupric chloride 
in hydrochloric acid (10 g. of CuCl, in 100 ml. conc. 
HCl) should be applied to the cleaned metal surface 
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At the end of 


and allowed to remain for two minutes. 
this period, three or four drops of distilled water should 
be added slowly, one drop at a time, to the solution 
on the metal. The solution may then be washed off. 

If the sample is 18-8 stainless steel, the copper in 
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the cupric chloride solution will be deposited on the 
metal surface, appearing as a copper-colored spot. 
If the sample is Inconel there will be no deposition of 
copper. Only a white spot will be left to indicate 
where the testing solution was applied. 


King Coal’s New Kingdom 


COAL supplies more than half the total energy used in 
the United States. The rapid increase in use of petro- 
leum, natural gas, and water power in this century, 
however, reduced this proportion from 90 per cent in 
1900. Coal is usually the cheapest source for steam and 
for space-heating requirements, but in its native state 
lacks the convenience of the competitive fluid fuels. 
Present acute difficulties in transportation of oil afford 
some opportunity for coal to regain some of its lost 
markets, and a portion of them perhaps permanently 
through results of expanded research. 

A few years ago it was said that although ten to 
twelve million dollars were spent annually on research 
and development in refining petroleum, even more 
should be expended:on the preparation and direct utili- 
zation of coal. Germany, England, and Russia have 
been conducting coal research for years. More recently 
such research has been actively pursued in the United 
States, by tlie U. S. Bureau of Mines, Battelle Memorial 
Institute, Mellon Institute, several state geological sur- 
veys, and at least seven universities. Steel manufac- 
turers, other metallurgical and alloy companies, power 
companies, railroads, and coal companies, all large con- 
sumers or distributors of coal, are increasing their coal 
research activities, but the total amount of industrial 
research in this field remains comparatively small at this 
time. 

One of the prime functions of an industry is to inform 
consumers of the best utilization of the industry’s 
product. Compared with oil and gas industries, the 
coal industry is at a serious disadvantage because of 
the unknown and so far largely indeterminable chemical 
constitution of coal; research must overcome this hand- 
icap. Furthermore, since freight costs often constitute 
50 per cent of the value of the delivered fuel, there is 
need to use the coal nearest at hand, even though not 
of the best quality, to the highest degree of efficiency. 

Research in coal is mainly in the three principal 
current and future fields of its use—combustion, car- 
bonization, and hydrogenation. Since about 85 per 
cent of the coal which we mine is burned for fuel, it is 
natural that greatest research should be on combustion, 
in the study of coals for specific purposes, ascertain- 
ment of best combustion conditions and improvements 
of coal-burning equipment for various purposes. Many 
principles of combustion and heat transfer and prob- 
lems of storage, handling, and grading and other physi- 


cal aspects of coals of different ranks still remain to be 
investigated in the future. 

The amount of coal required to produce a kilowatt 
hour of electricity has been reduced from an average of 
3.5 pounds in 1917 to 1.4 in 1940. Production of a ton 
of pig iron required 2846 pounds of coke in 1940, com- 
pared with 3500 pounds in 1917. In 1940, 115 pounds 
of coal were required to move 1000 tons of freight and 
equipment one mile; in 1917, 175 pounds. In an effort 
to regain some of the markets lost to oil and gas heat- 
ing, intense research is now under way to perfect small 
automatic stokers, smokeless stoves, and water heaters 
for homes. The use of coal for firing metallurgical and 
forge furnaces and further development of equipment 
for burning pulverized coal are also being investigated. 

Although carbonization of coal consumes only about 
15 per cent of our coal output, this branch of the coal 
industry, exemplified by the by-products coke industry, 
is technically more advanced than others, largely be- 
cause of the obvious advantage of the process over that 
of old beehive ovens. Nevertheless, full understanding 
of carbonization is incomplete. Steel companies and tar 
distillers have improved the value of by-products by 
finding new markets and developing new products or 
derivatives. Yet the demand for the various products 
is still unbalanced, so that phenol and various other 
valuable constituents are wasted, while synthetic phenol 
must be produced from benzene, another coal-tar 
product. 

Although coal is not commercially hydrogenated as a 
source of liquid fuel in America because of present 
abundant oil and gas, it is being done on a large scale 
in Germany and England. The importance of antici- 
pating exhaustion-of these reserves is obvious. Ulti- 
mately, liquid fuel from coal may afford a market ap- 
proaching in magnitude that of present total coal pro- 
duction. 

A major research program on the suitability of various 
American coals for hydrogenation has been begun. 
European experience in hydrogenation should prove in- 
valuable, but further studies should also be made of 
the nature of the process itself, pre-treatment of coal, 
and other possibly cheaper processes. By-products of 
hydrogenation may open up new markets for coal as a 
raw material for valuable chemicals. 


—Industrial Bulletin, Arthur D. Little, Inc. 














Benjamin Chew Tilghman, and the Origin of the 


Sulfite Process for Delignification of Wood 


MAX PHILLIPS 


HE BASIC raw material for the manufacture of 

paper is cellulose. Although cellulose is quantita- 
tively the most important of all plant constituents, it 
does not occur in nature, except perhaps in the boll of 
the cotton plant, in the free and uncombined state. 
It is practically always found in plants in close asso- 
ciation with lignin, pectic substances, and hemicellu- 
loses. It is not clear at present whether cellulose is 
chemically combined with lignin pectic substances, or 
hemicelluloses, or whether it is merely ‘‘encrusted’”’ or 
impregnated with these substances. In order to obtain 
cellulose from wood, straw, stalks, etc., it is necessary 
to subject these lignified materials to a chemical treat- 
ment, the purpose of which is to separate the cellulose 
from the lignin and, in part also, from the hemi- 
celluloses. 

The Chinese, who originated the art of papermaking, 
used a variety of raw materials for the production of 
their paper, among which were the inner bark of the 
mulberry tree, bamboo, rags, and rice straw (1). In 
Europe up to the end of the eighteenth century, paper 
was made almost exclusively from rags. Prior to the 
nineteenth century the demand for paper was rather 
limited and the supply of rags was sufficient to take care 
of all requirements. However, with the coming of the 
industrial revolution in Europe, there developed new 
uses for paper and by the end of the eighteenth century 
the demand for paper had increased to such an extent 
that it became necessary to find other raw materials 
suitable for the production of paper. 

Among those in Europe who were the pioneers in the 
manufacture of paper from materials other than rags 
may be mentioned Jacob Christian Schaeffer of Ger- 
many and Matthias Koops of England (2). In 1801 
Koops published a book entitled ‘Historical Account 
of the Substances Which Have Been Used to Describe 
Events and to Convey Ideas from the Earliest Date to 
the Invention of Paper.’’ This book is of particular 
historical interest because of the fact that the paper 
on which it was printed was made from straw, wood, 
and from old written and printed papers. The use of 
wood, straw, and similar lignified materials spread 
rapidly with the result that today only a small per- 
centage of the total quantity of paper produced is 
made from rags. 

The earliest process used for the pulping of wood, 
straw, and similar fibrous materials is the so-called soda 
process. This process, which to this day is quite 
widely used, consists essentially in heating the lignified 
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plant material with an aqueous solution of sodium 
hydroxide whereby the lignin, and in part also the 
hemicelluloses, are separated from the cellulose. 

The soda process was for many years the only 
practical process for pulping of straw, wood, and 
similar fibrous materials. However, in 1866, 1867, 
and 1869 the American chemist, Benjamin Chew 
Tilghman (3) of Philadelphia was granted British and 
American patents on a new process of pulping of wood 
or other vegetable fibrous substances. This process 
involved essentially the heating, under pressure, of 
lignified fibrous material with an aqueous solution of 
sulfurous acid, with or without the addition of the 
sulfite of an alkali such as calcium sulfite or bisulfite. 
These patents were the results of extensive experiments 
conducted by Benjamin Chew Tilghman in cooperation 
with his younger brother Richard Albert at the pulp 
and paper mills of W. W. Harding and Sons in Mana- 
yunk near Philadelphia. 

In his early experiments, Tilghman heated wood 
with an aqueous solution of sulfurous acid and ob- 
tained a reddish brown pulp which was difficult to 
bleach. He found that the waste liquors from this 
operation contained sulfuric acid and he attributed the 
discoloration of the pulp to the action of this acid. He, 
therefore, added to the reacting solution calcium sulfite 
or bisulfite in order to destroy the sulfuric acid formed 
in the course of the heating of the wood with the sul- 
furous acid solution, and obtained a pulp which was 
light in color and could readily be bleached. 

The process originated by Tilghman, generally re- 
ferred to as the sulfite process (although bisulfite proc- 
ess would be a more accurate designation), is without 
doubt the most important contribution that has ever 
been made in connection with the production of pulp 
from wood and similar lignified fibrous materials. 

Although many suggestions have been made con- 
cerning the mechanism of the reactions involved be- 
tween lignin and the sulfurous acid-bisulfite liquor, it 
cannot be said that they are completely understood. 
Most of the explanations that have been advanced are 
speculative in character, although some evidence of a 
fragmentary nature can be mustered in their support. 
The process is to this day to a large extent empirical in 
character. The sulfite process is clearly an example 
where the art of chemical technology has preceded 
fundamental scientific inquiry and advancement. 
From the knowledge available in the sixties of last 
century on the chemistry of lignin and lignified plant 





2 Oe ee ee ee eee 





SEPTEMBER, 1943 


materials, Tilghman could not possibly have been able 
to predict such an unusual chemical reaction. It could 
only have been an accidental discovery. 

When the writer first became interested in the 
chemistry of the sulfite process he often wondered, as 
presumably have others who have given thought to 
the matter, how Tilghman happened to make this im- 
portant discovery. Fortunately, a few years before 
his death, Tilghman (4) published a short article in 
which he relates how he discovered this unusual de- 
lignification reaction, and gives also a brief account of 
his early experiments and the difficulties he encountered 
in the application of this reaction to large scale opera- 
tions. Because of its great historical interest, Tilgh- 
man’s article is here reproduced in toto: 


“In Paris, in 1857, I was making some experiments on fats with 
sulphurous acid. The solution was made and kept in wooden 
barrels, and to know the depth of liquid in them, small holes were 
bored a few inches apart, which were closed by removable conical 
pegs made of soft wood. After some weeks’ immersion it was 
observed that the ends of these pegs, which were constantly 
wetted with the solution, became soft and fuzzy. No particular 
attention was paid to this at this time nor for several years 
after, but on returning to civil pursuits after the war, in 1865, 
I frequently visited W. W. Harding and Sons’ pulp works at 
Manayunk, near Philadelphia, and recalled to mind the Paris 
observation. 

“Some experiments were then tried, and it was found that a 
solution of sulphurous acid, kept at a-high temperature and 
pressure, would dissolve the intercellular matter of wood, but the 
fibres left were red colored and hard to bleach. Analysis showed 
that the sulphurous acid had been partly converted into sul- 
phuric acid, and it seemed probable that the red color came from 
the secondary action of the latter. The constant presence of an 
excess of sulphite of lime would prevent the existence of the sul- 
phuric acid, as it would immediately combine with the lime and 
drive out the weaker sulphurous acid, precipitating neutral 
sulphate of lime. Experiments confirmed this idea, and pulp 
was obtained which was pronounced by experts to be suitable for 
paper making. 

“In making an apparatus on a practical scale a horizontal 
rotary cylinder fifty (50) feet long and three (3) feet in diameter 
was lined with lead and mounted on rollers and heated by inside 
coils of lead pipe up to sixty (60) pounds pressure. Inside it was 
divided into a spiral passage its full diameter and length by 
means of a screw thread made of type metal fastened to its sides, 
so that as the cylinder slowly rotated the wood chips would keep 
continually traveling from the end where they were fed into the 
end where they were discharged, while the sulphite solution 
traveled the opposite way and was discharged at the other end. 
The pulp, nearly free from intercellulose, thus received its final 
treatment from fresh, strong bisulphite and was squeezed nearly 
dry and discharged as a solid cylinder, and the solution of inter- 
cellulose in bisulphite was made, just before its escape, to act on 
fresh chips until its second equivalent of sulphite was nearly ex- 
hausted. 

“It had been hoped that by this means the operation might be 
made continuous and the temperature of the lead lining might 
be kept nearly uniform, and that it might thus escape frequent ex- 
pansion and contraction and might remain tight. This proved 
to be a mistake. Leaks from cracks in the lead lining kept con- 
stantly reappearing, making it necessary, as we then thought, 
to stop the operation in order to save the apparatus. 

“It has been discovered within a few years, accidentally I be- 
lieve, that bare iron will automatically protect itself from the ac- 
tion of bisulphite of lime by depositing a coherent coating of sul- 
phite of lime, but at that time some artificial protection was con- 
sidered indispensable. We battled against leaks for many 
months, until fairly beaten out, we retired in disgust, having 
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lost $20,000 in money, besides two years’ work of my brother and 
myself. About that time the sand-blast process turned up and we 
went to work in a new field.”’ 


Martin Schindler (5), a paper chemist of Ziirich, 
Switzerland, visited Philadelphia in 1884 and while 
there became acquainted with Richard Albert Tilgh- 
man, who, as already mentioned, was closely asso- 
ciated with his brother Benjamin in the experimental 
work on the sulfite process. Richard A. Tilghman gave 
Schindler the following additional information: 

After they had had considerable difficulty with the 
rotating digester already described, they decided to 
construct a simpler digester and to abandon the idea 
of producing pulp in a continuous operation. Plans 
were accordingly made for the construction of a simple 
lead-lined spherical digester which undoubtedly would 
have proved to be entirely satisfactory for the purpose 
at hand. But at that time there was a sharp decline 
in the price of caustic soda which made it possible to 
prepare soda pulp at a low cost. Fearing serious 
competition from the soda process, it was accordingly 
decided to discontinue further experimentation with 
the sulfite process. 

Among the materials from which satisfactory pulps 
were prepared by Tilghman were cereal straws and 
various woods such as spruce, hemlock, poplar, and 
willow. 

Although Tilghman was not able to make his process 
a commercial success, there can be no doubt that full 
credit must be given to him as the originator of this 
unique delignification method. His patents form the 
basis of all the various modifications of the process in 
use at the present time. The numerous subsequent 
patents to other inventors cover merely improvements 
in apparatus and details of treatment. Unfortunately 
many authors of books on the chemistry and tech- 
nology of pulp and paper manufacture have all too often 
failed to realize this and have not given Tilghman the 
credit that he deserves. - 

The following extracts from Tilghman’s U. S. Patent 
No. 70,485, dated November 5, 1867, will serve to 
indicate how carefully and thoroughly he conducted 
his experimental work and how carefully he perceived 
all its possibilities: 

‘My invention consists in a process of treating vegetable sub- 
stances which contain fibres with a solution of sulphurous acid in 
water, heated in a close vessel under a pressure sufficient to retain 
the acid gas until the intercellular encrusting or cementing matter 
existing between the fibres is dissolved either partially or wholly, 
as may be desired, and a fibrous product is obtained suitable for 
the manufacture of paper pulp, or of fibres, or for other uses, ac- 
cording to the nature of the material employed.” 

“TI have found that the addition of sulphite or bisulphite of 
lime, or other suitable base, to the acid solution, tends to make 
the fibrous product of a whiter color, and more easily bleached.” 

“The whitest parts of the wood are to be selected to make 
white paper, and it is to be cut across the grain into slices about 
one-eighth to one-quarter of an inch long. A strong iron vessel, 
of any convenient size and shape, lined with lead, and provided 
with a steam-jacket, and with the necessary pipes, cocks, and 
man-holes for filling and emptying the charge, and with gauges, 
safety-valves, and thermometers, to indicate height of liquid, 
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pressure, and temperature is about two-thirds filled with the sliced 
wood. A solution of sulphurous acid in water of about specific 
gravity 1.025 to 1.035, in which the quantity of sulphite of lime 
has been dissolved, sufficient to raise its density to about specific 
gravity 1.07 to 1.08 is then run in until the vessel is nearly full, 
allowing for the absorption of the liquid by the wood and its ex- 
pansion by heat, so that the wood may be kept constantly cov- 
ered by the liquid during the operation. The vessel is then 
closed, and heat is applied by means of the steam jacket until the 
temperature of the liquid is about two hundred and sixty degrees 
Fahrenheit (260°F.), at which it is kept during about six to eight 
hours. The steam is then shut off from the steam-jacket and 
fresh water is forced into the top of the vessel, the acid solution 
being at the same time allowed to escape gradually from below 
into a covered lead-lined tub, where it is boiled by steam until 
the sulphurous acid gas is expelled. This gas is conveyed by a 
pipe to a suitable condenser, where it is absorbed by cold water, 
to be reused on another charge of wood. A quantity of sulphite 
of lime will generally be deposited during the boiling, which may 
be reused. Instead of driving off the sulphurous acid gas by 
boiling, or after part of it has been thus driven off, the acid may 
be neutralized by the addition of hydrate of lime, forming sulphite 
of lime, which can be reused. After being washed, the woody 
substance is left to drain, and then, if on examination it is thought 
necessary in order to complete the separation and bleaching of 
the fibres, it is to be again treated with a fresh charge of sul- 
phurous acid and sulphite at a temperature of about two hun- 
dred and sixty to two hundred and eighty degrees Fahrenheit 
(260° to 280°F.) during about three to five hours. Then the 
acid liquid is to be run off as before, and the fibrous product is 
washed until all the acid and soluble matters are extracted. Itis 
then taken out of the lead-lined vessel and beaten into pulp by the 
ordinary machines. If not sufficiently white, it is to be bleached 
in the usual manner.” 

“The action of the acid solution in dissolving the intercellular 
or cementing matter appears to be gradual and progressive, first 
loosening the substance into coarse fibres, and then reducing these 
into finer and still finer constituents, until perfect pulp is pro- 
duced. Wood or other vegetable fibrous substance, treated so 
as to dissolve its cementing matter only partially, will be found 
capable of being reduced by mechanical heating and rubbing toa 
mass of fibres, or sort of coarse pulp, applicable to uses where 
strength and stiffness are desired, such as wrapping paper, paste- 
board, mill-board, papier-maché, etc. The solvent action of the 
hot acid liquid on the wood may be made more rapid by causing 
it to circulate freely through the pores of the mass by any of the 
usual methods, either mechanical, such as pumps, stirrers or 
agitators, or by causing a column of the liquid to be more highly 
heated than the rest, so as to rise to the top and diffuse itself, 
or where the scale of manufacture is sufficiently large, by having 
several vessels filled with the materials, through which the hot 
acid liquid is forced to pass in succession, so that fresh acid solu- 
tion is applied to wood already nearly exhausted of soluble 
matter, and the nearly saturated acid solution is brought into 
contact with fresh wood. These arrangements are familiar to 
chemical engineers, and need not be further described.”’ 

“The dissolving action of the acid solution appears to take ef- 
fect first upon the matter cementing the long compound fibres to 
each other and to the stem of the plant, and next attacks the 
cementing matter of the long compound fibres themselves, reduc- 
ing them into a number of shorter and finer fibres. If the action 
is still longer continued, these are still further disintegrated, and 
become at last so short and fine as to be unfit for spinning, and 
suitable for paper-pulp. If, on the other hand, the dissolving 
action is not carried far enough, the long fibers do not separate 
readily from each other and from the stem and skin of the plant. 
The attention of the operator must therefore be given to ar- 
rest the action at the precise point most suitable for the object 
he has in view, whether a fibre as strong as possible, even though 
somewhat less fine and less easy to clean, or a finer and cleaner 
fibre, but somewhat shorter and weaker. Different kinds of 
plants, and of different degrees of maturity require different de- 
grees of action of the solvent liquid in order to produce a given 
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result. I therefore follow the progress of the operation, and ascer- 
tain when the desired degree of disintegration is obtained by 
taking samples from time to time by means of a rod ending ina 
cork-screw, and working through a stuffing box and stop-cock 
in the side of the vessel, as is well understood by engineers.” 

‘The stronger the acid solution, the more rapid is the action at a 
given temperature. Also, the higher the temperature the more 
rapid is the action with a given density of acid solution. With 
weak acid and comparatively low temperature, the effect can be 
produced by continuing the digestion a sufficiently long time. Or 
by using a solution saturated when cold with acid gas at or above 
common atmospheric pressure, the action may be made more 
rapid.” 


From the above paragraph it can be seen that 
Tilghman clearly anticipated the Mitscherlich, Ritter- 
Kellner or the so-called ‘‘quick cook”’ process. 

Tilghman states in his patent that ‘‘the probable 
mode of action of the sulphite is to present a base with 
which the sulphuric acid combines as soon as it is 
formed, and is thus prevented from further action.” 

Tilghman provides in his patent for the recovery of 
the sulfur dioxide and suggests possible uses for the 
waste or spent sulfite liquor. He states that, ‘the 
liquid extract containing in a soluble form the products 
of the saline and intercellular or cementing constituents 
of the plants may be utilized in various ways in the 
arts, or may be used as manure. It contains a weak 
organic acid, somewhat resembling ulmic acid, and 
when boiled down has some of the properties of a gum.” 

Benjamin Chew Tilghman, lawyer, chemist, inventor, 
and General of the Union Army in the War between 
the States, was born in Philadelphia, Pennsylvania, 
October 26, 1821 (6), third child of Benjamin and 
Anna Maria (McMurtrie) Tilghman. He belonged to 
a distinguished family of English origin long domiciled 
in this country. The progenitor of the American 
branch of the family was Richard Tilghman, a surgeon 
in the British Navy under Blake, and like that illus- 
trious Admiral, an ardent supporter of the revolution- 
ary movement led by Cromwell. Richard Tilghman 
was one of the signers of the celebrated petition in- 
sisting that ‘“‘justice be done on one Charles Stuart”’ 
and was therefore considered a regicide by the Royalists. 
Presumably fearing punishment by the Royalists, 
Richard Tilghman emigrated with his family in 1660 
to Lord Baltimore’s Colony of Maryland. There he 
acquired lands in what is now Queen Anne County 
and built a manor house. His descendants have been 
prominent at the bar and as jurists and soldiers for 
several generations. 

Benjamin Chew Tilghman, after a suitable and care- 
fully directed course of preliminary instruction, 
matriculated at Bristol College, where he studied for 
two years. He then continued his studies at the Uni- 
versity of Pennsylvania and graduated from that 
institution in 1839. True to the family tradition, 
Tilghman studied law and was admitted to the bar, but 
apparently never practiced this profession. He be- 
came interested in science, more especially in chemistry 
and chemical technology and studied these subjects 
extensively in France. While conducting some ex- 
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periments in Paris on the action of sulfurous acid on 
fats he made a casual observation which subsequently 
led to the development of the sulfite process. 

At the outbreak of the American Civil War, Tilgh- 
man returned to the United States and organized in 
Philadelphia a company of volunteers which became 
known as Company H of the 26th Pennsylvania 
Regiment. Tilghman became Captain of this Com- 
pany and was mustered in the service of the United 
States on May 29, 1861. He distinguished himself in 
action and in March, 1863, was promoted to the rank 
of Colonel. While leading his regiment at the Battle 
of Chancellorsville Tilghman was severely wounded 
and upon his partial recovery was given the command 
of the Third U. S. Colored Regiment. At the close of 
the war he was a general by brevet, in command of a 
brigade in Florida. 

Soon after Tilghman returned to civil pursuits, he 
began his experiments which led to the development 
of the sulfite process. In his experimental work on 
this process as well as in other research work, he 
associated with him his younger brother Richard Albert, 
to whom he was devotedly attached. This brother 
graduated from the University of Pennsylvania in 
1841 and studied chemistry in the famous laboratory 
of Professor James C. Booth in Philadelphia. The 
two brothers traveled together extensively in Europe, 
visiting laboratories, chemical works, factories, and 
mills. 

Benjamin C. Tilghman perfected a process for the 
production of steel shot of extraordinary hardness for 
use in sawittg, polishing, and grinding stone, and under 
a ring drill, for driving wells in prospecting for mines, 
quarries, and petroleum. Together with his brother 
Richard Albert he founded an establishment located 
at 1118-1126 South 11th Street in Philadelphia, for 
the manufacture of this product. 

In 1871 Tilghman invented the sand-blast process 
which proved to be of considerable commercial success. 
The sand-blast is to this day employed for removing 
scale from forgings and castings; for depolishing glass, 
china, porcelain, and other brittle substances, and 
for engraving marble, limestone, and granite with 
letters and ornaments. 

Tilghman also designed a torpedo propelled rocket- 
fashion by a slow burning powder, but it was not a 
success. 

He was elected a member of the American Philo- 
sophical Society on the twenty-first of July, 1871, 
and was an honored member until his death. 








BENJAMIN C. TILGHMAN (1821-1901) 


Tilghman never married and he died in Philadelphia, 
Pennsylvania, July 3, 1901. 
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Fishermen in west coast waters are now using purse-seine floats made of glass in- 
stead of cork. These floats which are woven into rope pockets to protect against smash- 
ing and breakage, are more durable and last longer than cork.—Laucks 


Soybean is now replacing milk casein in some of the packaged construction glues.— 


Laucks 








The Toxic Principle of Poison Ivy and Other 
Related Plants 


DAVID WASSERMAN and CHARLES R. DAWSON 
Columbia University, New York City 


OST people who have made the acquaintance of 

poison ivy can recall the occasion without much 
effort. The occasion is generally clearly marked in 
their memory by the fact that it was soon followed 
by a period of great personal discomfort. The painful 
irritation, inflammation, and blistering of the skin 
that follows the slightest contact with most parts of 
the plant is an experience that many people suffer 
every year. This is particularly true in the spring, 
when most parts of the plant are rich in an oily sub- 
stance that is responsible for the toxicity. Likewise, 
the danger of contact is probably greatest at this time, 
for it is in the spring and early summer months that 
many people turn to the woods and fields to view the 
wonders of nature. Poison ivy is probably the most 
widely known of all American poisonous plants, being 
found in nearly all parts of the United States and 
Canada. After contact with the plant, and in the 
absence of proper first aid treatment, poison ivy 
dermatitis may develop to a severity that requires 
hospitalization. 

There are three varieties of the species Rhus toxico- 
dendron that are responsible for the majority of poison- 
ivy-like dermatitis cases in this country. They are 
poison ivy (R. toxicodendron radicans), poison oak (R. 
toxicodendron diversilobum), and poison sumac (R. 
toxicodendron vernix). Poison ivy is a shrubby vine 
that grows best in places which lend support to the vine, 
and along with the other two varieties of the Rhus 
genus, can be found in nearly all parts of the country 
that support vegetation. Because the vine is covered 
with hairlike rootlets which enable it to cling to any 
convenient support, it is often found growing on fences, 
trees, buildings, and stones. It is readily recognized in 
the spring and early summer months by its characteristic 
smooth light green leaves arranged in a cluster of three 
leaflets per stem. It has inconspicuous yellowish 
green flowers which are followed in the late summer 
and autumn by a cream-colored fruit about the size of 
a cherry stone. This fruit, arranged in small clusters, 
often remains on the plant through the winter. Poison 
oak is similar to poison ivy, but usually grows without 
support as a bush. Its leaves are similar in shape to 
oak leaves. The poison sumac bush or tree has smooth 
grayish bark on the trunk and older branches, whereas 
the young new branches are reddish brown. There 
are seven to fourteen leaves on each stalk, and the 
fruit is similar to that of poison ivy and poison oak. 
The reader is referred elsewhere (1, 2) for a more com- 
plete and illustrated description of these plants. 

The poison is present in the leaves, flowers, fruits, 


bark, and roots of the poison ivy plant, but not in the 
wood, hairs, or pollen, according to Muenscher (3). 
During the past decade the chemical nature of the oily 
mixture responsible for the toxicity of poison ivy has 
become known. A highly toxic material has been 
isolated, and its structural skeleton established. It is 
to be hoped that this experimental progress will be 
followed by a better understanding of the causes and 
prevention of poison ivy dermatitis. G. A. Hill and 
coworkers at Wesleyan University in 1934 (4) were 
the investigators who finally succeeded in isolating and 
identifying the toxic principle of poison ivy. They 
showed that the vesicant oil was ‘‘urushiol,’’ a material 
isolated from the sap of the Japanese lac tree in 1909 
by Riko Majima (5). The story of the detection, 
isolation, and identification of ‘‘urushiol’’ by Majima 
is an interesting one. 

Many wooden articles manufactured in Japan are 
lacquered with a vesicant material from the sap of the 
Japanese lac tree (R. verniciflua). This material, upon 
exposure to air oxidation, leaves a beautiful, resistant, 
black coating. The vesicant nature of the material 
presents, however, a serious handicap. The workers 
are often incapacitated by very bad rashes and blistered 
skins caused by the irritant in the lacquer. 

About the turn of the century, Majima became in- 
terested in the problem and started a chemical in- 
vestigation in 1906 which continued until 1922. The 
sap from the lac tree was collected on a plantation 
near Yokohama, and extracted with alcohol. After 
filtration and removal of the alcohol by distillation, 
the residue was extracted with petroleum ether. After 
removal of solvent, the residue was distilled in a 
vacuum to give a yellow oil with acidic properties, 
which was first misnamed ‘“‘urushic acid.” The oil 
gave the typical chemical reactions associated with 
catechol type compounds, 7. e., reduction of am- 
moniacal silver solution, a white precipitate of the lead 
salt with lead acetate, and a dark green to black color 
with ferric chloride. Upon dry distillation, a distillate 
containing a long chain hydrocarbon, some catechol, 
along with degradation products of these two, was 
obtained (6). This indicated to Majima that the toxic 
oil contained a catechol compound carrying a long 
hydrocarbon chain attached:to the ring. He therefore 
renamed it ‘“‘urushiol” to indicate that it was a phe- 
nolic compound, rather than a carboxylic acid. 

In the next few years, structural studies, including 
ozonolysis, and oxidative degradations, (7, 8, 9, 10, 11, 
12, 13) led Majima to conclude that urushiol was 
probably a mixture of four compounds, which he could 
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not separate by distillation. On the basis of the 
degradation products, and the fact that the toxic oil 
had an average of two double bonds of aliphatic nature, 
he postulated that urushiol was a mixture of four 
catechols differing in the number of double bonds in a 
normal 15-carbon side chain in position (3) of the ben- 
zene nucleus. He showed that one of the compounds 
carried a completely reduced side chain. 

Majima proposed the following structures for the 
four components of the toxic oil: 


OH OH 


OH OH 
(CH) uCH; (CHa);CH==CH(CH,);CH; 


(1) (2) 
OH 


OH 
| /\CH2);CH=CH (CH:),CH=CH; 


(3) 
OH 


| OH 
JACH:2);CH=CH (CiHs) CH=CHz 


(4) 


However, a recent investigation (14) uncovering the 
possibility of the presence of unsaturated impurities 
in the toxic oil, as isolated by Majima, makes it ad- 
visable to view the above structures with some reserve, 
particularly in regard to the exact position of the 
double bonds. 

Long before Majima had started his investigation 
in Japan, ‘several American investigators had at- 
tempted to isolate the irritant responsible for poison 
ivy dermatitis. The earliest recorded work is that of 
Khittel in 1858 (15) who thought the poison was a 
volatile alkaloid, but could not identify it with a pure 
chemical compound. Maisch in 1866 (16) steam dis- 
tilled a volatile acid out of the plant, but the physiologi- 
cal evidence that this was the poison was not definite. 
In fact, Pfaff in 1897 (17) showed that the volatile acid 
was impure acetic acid containing traces of the poison. 
Acree and Syme (1906) (18) used an alcoholic extract 
of the leaves from which they precipitated the poison 
with lead acetate, and came to the conclusion that it 
was a glycoside. However, this was later refuted by 
McNair in 1916 (19), as the result of his studies on 
poison oak. McNair succeeded in isolating the active 
poison in impure form in 1921 (20) and showed that 
it was a catechol derivative. He could not, however, 
identify it. As previously mentioned, the toxic 
principle was finally isolated in sufficiently pure form 
by Hill and coworkers in 1934 (4) to enable them to 
identify it with urushiol. 

The identification of poison ivy “urushiol” with 
Japanese lac urushiol was based mainly on a com- 
parison of certain derivatives of the hydrogenated side 
chain compound, hydrourushiol. The possibility there- 
fore exists that the positions of the double bonds in 
the side chain of poison ivy ‘‘urushiol” may differ from 
their positions in the Japanese lac variety. 
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Further proof that ‘‘urushiol” from poison ivy is a 
mixture was given by Mason and Schwartz (14) when 
they separated four phenolic components from the 
toxic oil by chromatographic adsorption using a column 


packed with alumina. The four compounds were in- 
dicated by fluorescent bands under ultraviolet light. 
The chemical structure of these compounds was not 
investigated. During the past year a method of 
synthesis for compounds of the urushiol type has been 
proposed by the authors (21). The method makes 
possible the location of double bonds in the side chain 
at desired positions. Such synthetic compounds should 
help to elucidate the chemical nature of the toxic oil, 
by serving as comparison models, when the pure com- 
ponents of the oil have been isolated. 

The fact that these catechol compounds are very 
sensitive to oxidative destruction by air, and also 
that they are present in the poison ivy plant originally 
in very low concentration, 0.04 to 0.07 per cent by 
weight of the bark, makes the problem of isolation and 
determination of the chemical structure of the pure 
components a difficult task. In addition, the fact 
that they are powerful vesicants, and must therefore 
be handled with great care, further complicates the 
problem. 

Apparently the vesicant activity of the molecule is 
dependent upon two factors, first, its fat-like quality 
which enables it to penetrate the epidermis, and second, 
the presence of the catechol nucleus which provides 
the irritant action. The long hydrocarbon side chain 
enhances its solubility in the oils of the skin, and ap- 
parently the double bonds serve only to increase this 
property of the molecule. This is borne out by the fact 
that on catalytic hydrogenation the urushiol mixture 
yields a single white solid compound, tetrahydrourush- 
iol, which is a slightly less active vesicant than urushiol 
itself. The difference in activity can probably be 
attributed to the fact that the solid tetrahydrourushiol 
would be expected to penetrate the epidermis less 
readily than urushiol. 

Other homologs that have been shown to exhibit 
vesicant activity are 3-methyl catechol (22), 3-n-propyl 
catechol (23), 3-tetradecyl catechol (24), 3-allyl catechol 
(25), and 3-geranyl catechol (26). The degree of 
vesicant activity of these catechols varies with the 
length and unsaturated character of the side chain, 
both of which effect the fat-like qualities of the mole- 
cule. 

As previously mentioned, dermatitis-producing 
plants like poison ivy and poison sumac are found in 
many parts of the world. The majority of these 
plants belong to the anacardiaceae family, many of 
whose members are noted for the production of acrid 
and vesicant juices. The most dangerous are the 
members of the Rhus genus of anacardiaceae, because 
the poison is found in many parts of the plant, 7. e., 
bark, sap, leaves, flowers, and roots. Among the 
most prominent of this species outside the United 
States and Canada are the Chinese and Japanese 
lac trees (R. verniciflua L.) and the Yunnan, For- 





450 


mosan, and Indo-Chinese lac trees (R. succedanea L.). 

Another member of the anacardiaceae family whose 
poison is found in almost all parts of the plant is the 
Burma lac tree (Melanorrhea usitatissima). These lac 
trees are similar in appearance to the American poison 
sumac, except that their limbs are covered with hair- 
like rootlets. They spread their poison on contact 
just as do poison ivy and poison sumac. 

Other members of the anacardiaceae family that 
are not so dangerous as those named above, since they 
carry their poison only in their fruit, are the marking 
nut tree (Semecarpus anacardium L.), the cashew nut 
tree (Anacardium occidentale L.), the renghas tree 
(S. heterophylla L.), and the gluta renghas tree (Gluta 
benghas L.). 

An interesting vesicant producer is the maidenhair 
tree (Ginkgo biloba L.) from whose fruit investigators 
isolated ginkgolic acid and bilobol. (See Table 1.) 
This tree was introduced into the United States from 
Japan. It may be found as an ornamental tree along 
the sides of main thoroughfares and in the parks of 
Washington, D.C. It is also used for the same purpose 
in other cities in the United States. The vesicants 
found in its fruit are capable of producing a dermatitis 
of the same character as that of “urushiol’’ in poison 
ivy. 

The vesicant compounds of this general type, their 
chemical structure, in so far as they are known, and the 
plants in which they are found are summarized in the 
table on page 451. 


SOME CLINICAL ASPECTS OF POISON IVY DERMATITIS 


Once the toxic substance has penetrated the outer 
layer of skin, the symptoms of ivy poisoning may appear 
within a few hours or be delayed for several days. The 
first sign is generally an intense itching or burning 
sensation accompanied by a reddening and swelling of 
the poisoned surface. This is usually followed by the 
appearance of small vesicles which, in more severe 
cases, gradually run together to form larger blisters. 
According to Krause and Weidman (45), the discharge 
from these lesions does not disseminate the eczema 
to other portions of the skin. In the usual case, the 
development of these symptoms and the attendant 
discomfort last over a period of two or three days, and 
then the eruption slowly dries out, leaving a scab or 
crust on the skin. Mild cases of ivy poisoning are 
not cause for serious alarm, but fatal cases, involving 
highly sensitive persons, have occurred. 

As pointed out above, a substituted catechol is 
responsible for the poisonous character of the sap. The 
toxic catechol, when isolated, is a viscous oil, and is of 
such low volatility that at ordinary temperatures it 
has no poisonous action except on direct contact with 
the skin. Since the poison ivy plant has no resin ducts 
in the surfaces of its leaves and bark, direct contact 
must be made with the exuding sap from damaged 
leaves or bark before the active compound can contact 
the skin. This was recently demonstrated by Shel- 


mire (46), who pressed unbroken poison ivy leaves on 


‘peculiar to the exterior skin of the body. 
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the skin of sensitive patients without inducing any of 
the symptoms of ivy poisoning. 

Many attacks of poison ivy dermatitis that are on 
record can be attributed to secondary contacts with 
carriers of the poison, such as contaminated pollen, 
insects, animals, clothing, working tools, etc.- It is 
even possible for a person of low sensitivity to carry 
the poison on his own skin, to make contact later with 
the skin of a person of greater sensitivity. Such 
mysterious cases of poisoning, where the victim has had 
no direct contact with the plant, have given rise to 
fanciful explanations for the cause of the attack, 7. ¢., 
that the leaves eject a spray of poison when the victim 
approaches the plant, or that the poison is highly 
volatile and is carried by the wind. There have been 
cases, however, of poisoning during attempts to eradi- 
cate the poison ivy plant by burning. The heat vol- 
atilizes enough of the toxic oil to give a severe case of 
the dermatitis to sensitive persons in the vicinity of the 
fire. 

Since the substituted catechol must penetrate the 
epidermal tissues, and come in contact with the dermis 
before it can arouse an irritation, parts of the body 
covered with thick epidermis are less sensitive to the 
irritant than those covered with a thin outer skin. 
Thus the attack never occurs on the palms of the hands 
or the soles of the feet (46). The insensitivity of most 
animals to the poison can probably be attributed, in 
part at least, to the fact that their outer skin is much 
thicker than human skin. The color of the skin 
apparently makes no difference, for Deibert (47) found 
that Indians are just as susceptible to ivy poisoning as 
white people. The toxic action of the sap is not 
Ingestion 
of the fruit or leaves of the poison ivy plant by sensitive 
humans has been known to cause severe vesication of 
the lips and the roof of the mouth (46). If taken 
internally in sufficient dose, the plant is reputed to 
have the properties of a violent irritant and narcotic 
poison. Cases of poisoning of children from eating 
the fruit have been reported (1). 

Although, according to Shelmire (46), some people 
are actually completely immune to the toxic action 
of poison ivy, in general the immunity is only relative, 
and depends upon a number of factors. Newborn 
babes (48), Eskimos (49), and other persons who have 
never come in contact with the plant appear to be 
immune at first (46). That is, the first contact with 
the poison may fail to produce the typical dermatitis. 
However, in the usual case, this initial contact sen- 
sitizes the skin so that subsequent contacts with the 
poison readily produce the dermatitis, The amount 
of poison required and time of exposure necessary to 
induce sensitization vary with different people. Some 
require massive doses and prolonged contact to sen- 
sitize the skin, and thereby destroy their apparent 
immunity (46). Such people are immune in the sense 
that the usual type of exposure that would be en- 
countered in the field would produce no ill effects. 

Once a patient is sensitized, he reacts to the poison 
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TABLE 1 
Vesicant Structure of Poison References Source and Occurrence Remarks 
Poison ivy “‘urushiol”’ OH (4)  R.toxicodendron radicansL. Poison is found in the sap, roots, 
OH Poison ivy vine (27). leaves, fruit, and bark of the vine 
Practically all sections of or shrub (3). There is an aver- 
CisHe the United States age of 2 double bonds in the side 
chain (21) 
Japanese lac urushiol OH (13) R.verniciflua L. Japanese Poison is found in the sap, roots 
on lac tree leaves, fruit, flowers, and bark of 
Japan and East Asia the tree. Side chain structure 
\ JCuHa proposed on page 449. An aver- 
. age of 2 double bonds in the side 
chain. Tree similar in appear- 
ance to poison sumac (28) 
Bhilawanol OH (29) S. anacardium WL. The Poison is found in the pericarp of the 
H marking nut tree drupe (30). One double bond in 
India the side chain. Position is not 
CisHos determined 
Renghol OH (31)  S. heterophylla Renghas Bl. Poison isolated from the crushed 
H Java, Netherlands Indies fruit of the renghas tree 
(CHe)p>CH==CH(CH:);CH; 
Anacardic acid OH (32) A. occidentale L. The ca- Poison isolated from the pericarp 
COOH shew nut tree (33) latex of the fruit of the cashew nut 
East Indies, Central and tree. Two double bonds in side 
CH South America, and India chain. Positions not determined. 
ere Plant description (30) 
Ginkgolic acid OH (34) G.bilobaL. The ginkgoor Poison isolated from the dried 
COOH maidenhair tree fruits (35). Used as an orna- 
: Japan, East Asia, United mental tree in United States 
(CH:);CH=CH(CHy)sCHs States cities. Plant description (36) 
Cardol (32) A. occidentale L. Theca- Poison isolated from the pericarp 
Hi OH P 
shew nut tree (33) latex of the fruit. Two double 
East Indies, Central and bonds in the side chain. Posi- 
. South America, and tions not determined. Descrip- 
CisHar India tion of tree (30). 
Bilobol HO OH (37, 38) G. biloba L. The maiden- Poison isolated from dried fruits 
hair tree (35). Greater vesicant action 
Japan, East Asia, and than ginkgolic acid. Ornamental 
United States tree along streets of Washington, 
(CH2);CH=CH(CHg);CH; D.C. Plant description (36). 
Glutarenghol OH (39) G.renghas L. (G. benghas Poison isolated from the fruit latex. 
OH : One double bond in the side 
Java, Netherlands Indies chain. Position not determined. 
CivHs3 
Laccol OH (41) RR. succedanea L. Yunnan, Poison isolated from the sap. Pres- 
OH Formosan, and_ Indo- ent in roots, bark, flowers, leaves, 
Chinese lac trees and fruits. Two double bonds 
CyH Japan and East Asia in the side chain whose positions 
aici have not been determined. 
Thitsiol OH (42) M. usitatissima. Thitsi Poison isolated from the sap. Ir- 
OH tree, Black Burma lac ritant is present in roots, bark, 
tree flowers, leaves, and fruits. Two 
Burma double bonds in the side chain 
whose positions have not been 
CrHa determined. 
Pelandjauic acid COOH (43)*  Minjak pelandjau. Penta- Exudate from the wood used as a 
OH spadon motleyi hook cure for skin diseases. Two 
Sumatra double bonds in the side chain. 
Positions not determined. 
CiwHa 
Cyclogallipharic acid OH (44)* Galle nut Identical with hydro ginkgolic acid 
COOH Japan according to Furukawa (34). 
CisHa 


* Structures not certain. 
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more readily. Experiments of Krause and Weidman 
(45) using human volunteers show that repeated attacks 
tend to shorten all the stages of subsequent attacks. 
This did not, however, lead to localized immunity of 
the skin area being tested. Highly sensitive persons 
have been known to develop a chronic case of dermatitis 
from over-frequent contact with the poison. Many 
hypersensitive farmers have had to give up farming be- 
cause they were in danger of becoming chronic sufferers 
of ivy poisoning as a result of frequent contacts with 
the hides of their cows and other farm animals which 
carried the poison. 

As previously stated most animals are immune to 
the toxic action of R. toxicodendron, and there appears 
to be some controversy over whether or not sensitiza- 
tion can be induced. Although Krause and Weidman 
(45) report that they were unable to induce sensitiza- 
tion in a number of animals and birds including cats, 
dogs, monkeys, white mice, white rats, guinea pigs, 
rabbits, chickens, and pigeons, even after 24 hours’ 
contact with an alcoholic solution of the poison, both 
Kile (50) and Simon (51) report that sensitization can 
be produced in guinea pigs by painting a solution of 
the poison ivy sap in acetone or vaseline on a portion 
of the animal’s skin. They found that after this 
localized treatment the entire skin area of the animal 
became sensitive to subsequent doses of the sap. In- 
travenous injection of the Rhus extract does not result 
in sensitization, but produces edema, chill, and swelling 
of the kidneys in guinea pigs and rabbits according to 
Mitchell (52). Horses and cattle eat poison ivy foliage 
freely, apparently without any ill effects, and sheep 
are sometimes used to check poison ivy growth in 
pastures (1,2). Yet according to Shelmire (46) rabbits 
and guinea pigs get blisters on their lips when they 
eat the poisonous leaves. 

Many attempts have been made to immunize or 
desensitize persons sensitive to the toxic action of 
poison ivy. Schamberg (53) claims that desensitiza- 
tion may be brought about by the oral administration 
of gradually increasing amounts of an alcoholic solu- 
tion of the poison in orange juice, over a period of four 
weeks. He claims that patients thus treated will be 
immune for a period of one month. Blank and Coca 
(54) report that by intramuscular injection of an ace- 
tone solution of poison ivy sap in slowly increasing 
amounts they were successful in establishing complete 
immunity to light exposures of poison in a considerable 
number of sensitive persons. Molitch and Poliakoff 
(55) desensitized 40 boys by injections of graduated 
doses of an alcoholic extract of the poison ivy plant. 
Both the oral and the injection methods of introducing 
the immunizing solution have given bad results when 
used on hypersensitive patients, and therefore should 
be used with discretion. 

Once the poisonous material has penetrated the 
outer skin, there is little that can be done in the way of 
preventing the development of the dermatitis. First 
aid treatment, therefore, in order to be effective, must 
be administered at the time of contact or immediately 








thereafter. People of average sensitivity will be 
affected by the poisonous sap if it is in contact with the 
skin for as short a time as five minutes. An acetone 
extract of the poison requires only about one minute 
to penetrate to the dermis. 

Since the poison is a catechol generally thought to 
be easily oxidized, and soluble in alkaline and organic 
solvents, the usual first aid treatment consists of a 
thorough washing of the exposed surface with mild 
oxidizing agents or alkaline soap solutions. Washing 
with an organic solvent such as alcohol is not generally 
as effective, because of the danger of spreading the 
poison through increasing its skin-penetrating power. 
Several oxidizing agents have been recommended at 
one time or another for first aid treatment. Among 
these are tincture of ferric chloride, aqueous sodium 
dichromate, aqueous potassium permanganate, hydro- 
gen peroxide, and sodium perborate. The effectiveness 
of these agents depends upon their ability to destroy 
the toxic catechol by oxidation rapidly and completely. 
Shelmire has concluded from his experiments that 
none of these agents is completely effective in this 
respect. He added an excess of each of these oxidizing 
agents to a few drops of an acetone solution of the sap, 
and allowed the mixtures to stand for seven days. He 
then made an ether extract of the mixture, and tested 
its activity on sensitive patients. In each case the 
ether extract was quite active. Furthermore, he 
tested the preventive action of such oxidizing agents 
by applying them to the skin of sensitive patients and 
then exposing the same area to one drop of 1:10 solu- 
tion of the sap in acetone. Sodium perborate was ap- 
plied in a vanishing cream base. This technique of 
painting the skin with oxidizing agents prior to ex- 
posure was found to offer little or no protection to 
sensitive patients. Schwartz, Dunn, and Goldman 
(56) claim that sodium perborate in vanishing cream 
is effective as a preventive, if a sufficiently thick layer 
of the cream is used. 

The difficulty of completely oxidizing all of the toxic 
catechol is illustrated by the following experiment. 
Shelmire (57) permitted a drop of sap to stand exposed 
to air for one year, at which time it had become a hard 
black mass. On dissolving the mass in acetone he 
found that it still retained some activity on sensitive 
patients. There is a story of a woman who suffered 
from an eczema, the cause of which puzzled physicians 
for some time. It was finally learned that she fre- 
quently handled mah-jongg blocks, which were lac- 
quered with Japanese lacquer. Even after years, there 
remained enough unoxidized urushiol in the lacquer 
to give this extremely sensitive person a bad case of 
dermatitis. 

The most effective first aid treatment is to remove 
the poison from the skin as soon as possible. This 
is best accomplished by a very thorough washing of the 
exposed areas with a strong alkaline soap solution im- 
mediately upon exposure. This should be repeated four 
or five times using hot water, and care should be taken 
not to injure the skin surface. If the poison has pene- 
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trated the outer skin, nothing much can be done except 
to make the patient more comfortable. The common 
palliatives that may be used for this purpose are listed 
in a review article in the Drug and Cosmetic Industry 
Journal (58). Amberg and Brunsting (59) have re- 
cently reported that benzoyl persulfide is an effective 
agent for relieving the itching that accompanies ivy 
poisoning. Further information in regard to the 
treatment of the dermatitis is to be found in the 
Public Health Report by Sweet and Grant (1). 
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The Color of Canned Peas 


| el IS doubtful if any food product is more familiar to 
the average American than canned peas. Hence 
it will come as a surprise to many persons to learn 
that the color of canned peas is not green but olive 
drab. Canned peas contain no chlorophyll but a 
derivative, pheophytin, produced by the loss of mag- 
nesium from the chlorophyll molecule. A new method 
of processing, developed in the laboratories of the 
American Can Co., conserves the natural pigment and 
yields a product that is green and tender. A summary 
of these and many other items of interest is provided 
in the ‘‘Findings of Fact’’ of the Food and Drug Ad- 
ministration that resulted from hearings held for the 
purpose of amending the earlier regulations pertaining 
to the definition and identity of canned peas (Federal 
Reg., 7, 9918 (1942)). 

When peas are picked from the vine the intensity of 
their green color begins to decrease, and this diminu- 
tion in color continues as the peas are shelled and 
allowed to stand. It is accelerated when they are 





canned and continues at a lower rate while they are in 
storage, all because of the gradual conversion of 
chlorophyll into pheophytin. The change in color can 
be prevented to a large extent by the new Blair and 
Ayres process (Ind. Eng. Chem., 35, 85 (1943)) of 
canning peas, the development of which led to the 
request that the Food and Drug Administration revise 
its definition of identity and list of optional ingredients 
for canned peas. According to the usual process by 
which peas are canned, they are shelled, washed, graded, 
inspected, blanched in hot water, sealed in cans of 
water containing a little salt and sugar, and finally 
heated for thirty-five minutes at 240°F. According 
to the new process the peas are shelled, washed, soaked 
for about thirty minutes at room temperature in a 
solution of about 2 per cent sodium carbonate, 
blanched in a solution of approximately 0.04 per cent 
calcium hydroxide, washed, and sealed in cans in the 
usual manner, but in a packing medium which contains 

(Continued on page 461) 











HE METAL carbonyls have from the time of their 

first discovery in 1895 been of great interest because 
they did not conform to any recognized rule of valence. 
They did conform to the law of definite proportions, 
but otherwise they showed no resemblance to any 
known class of compounds. 

The word valence has had many vicissitudes but re- 
cently there has been a growing trend, among inorganic 
chemists certainly, to use it to denote the same thing 
as the more awkward term oxidation and reduction 
number. We shall in this paper ascribe this meaning 
to valence. To illustrate: the valence of gold in 
potassium aurocyanide is +I. If the complex salt is 
electrolyzed, the oxidation and reduction number is the 
number of faradays needed to change the central gold 
atom of the complex to free gold, provided the ad- 
denda do not (or are assumed not to) change their 
electrical condition, thus 


e + [Au(CN).]~ ~ Au + 2CN- 


Now it must be admitted that the electron pairs 
bonding the cyanide radicals to the gold atom, 
(CN) :Au:(CN), belong mutually to the gold and the cya- 
nide. No method has been devised to determine what 
fraction belongs to each. Therefore, in figuring valence 
we assign the electrons either wholly to the cyanide or 
wholly to the gold. If wholly to the cyanide, then the 
valence of the gold is +I; if wholly to the gold the 
valence of the gold is —III. The choice may seem 
arbitrary but there is seldom any doubt in such cases. 
Here the electron pairs belong clearly to the cyanide 
radicals and the valence of gold is +I. 

From this point of view the valence of nickel in 
Ni(CO),, and of chromium in Cr(CO)¢. is zero. Yet the 
carbonyls are surely chemical compounds and the 
idea of compound formation without valence has been 
hard for chemists to accept. 

If now we can establish that the valence of zero for 
the central atom of a coordination complex is not con- 
fined to the carbonyls, and that, in general, coordination 
may make it possible for the central atoms to acquire 
valences which we would regard as unusual from the 
standpoint of our knowledge of the simple compounds, 
then we will have shown that the carbonyls conform to 
rules that hold generally for complex compounds, and 
we will find that our study of the carbonyls has led to a 
better understanding of the nature of chemical com- 
bination in general. 

There are three methods of estimating the effect of 
coordination on valence: 


(1) Electrode potentials. 
(2) Half-wave potentials in polarography. 
(3) The mere existence of complexes in which 
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valences of the central atom prevail which are un- 
known or unusual in simpler compounds, as for ex- 
ample: 
Valence O in K,[Ni(CN),4] and K,[Pd(CN),] 

+I in Ks[Mn(CN).] and K3[Mn(CN);NO] 


+II in [Ag(C;sHsNCOO)2] 
+VI in K2[FeQ,] 


ELECTRODE POTENTIALS 


A cobalt electrode dipping in a 1 N solution of a co- 
baltous salt shows an e. m. f. of +0.277 against a nor- 
mal hydrogen electrode. 

If, however, the solution contains an excess of am- 
monia, in which case the cobaltous ion would be the 
complex [Co-6NH;] +*, the potential is +0.422. 

This shows that cobalt tends to form the complex 
[Co-6NH;]*++ ion to the extent of 0.145 volt more 
strongly than it tends to form the simple aqueous co- 
baltous ion which we usually write as Co*+, but which 
would only be correctly written as [Co-mH,O]*+. 

Now it cannot be‘ too strongly emphasized that 
simple ions exist only in electrical discharges in rare- 
fied gases and that their life is extremely short. In 
solution, ions exist only when coordinated with solvent 
molecules or ions or molecules of solute. Although we 
often see the statement that crystals of salt are lattices 
of ions, we should realize that the lattice is really a 
condition equivalent to coordination. 

The almost universal custom of writing the aquo 
ions as simple charged atoms Nat, Ca*t, Znt+, Cr+t+, 
Cl-, S= is probably justified on the score that the 
exact number of coordinated water molecules is not 
known, and that it is a great saving of type and chalk 
to omit the ‘‘nH,O”’ in every formula of an ion. 

Justified as this custom is, it is unfortunate that so 
few of the currently popular textbooks of inorganic 
chemistry make even the faintest suggestion that the 
aquo ions are not in fact as simple as shown in their 


-usual formulas. 


And yet the utter inconsistency of writing the for- 
mula of the hydrogen ion as H;O+ is perpetrated in 
many of the recent “up-to-date” textbooks. 

The widely varying values of the electrode potential, 
E®, of the Co (II)-Co (III) mixture in the presence of 
the complex formers, water, ammonia, and cyanide 
ion show how different coordinating addenda may favor 
different valence states of the central atom. LE° is 
the potential of the half reaction when the concentration 
of both the reactants and the products is unity, in so far 
as the components of the reaction are soluble. Gase- 
ous components are maintained at atmospheric pres- 
sure. Solid components are, of course, present as 
solids, and the concentration in the solution is always in 
equilibrium with the gas or solid. At the metal-solu- 
tion surface the metal itself conducts the current to the 
outside circuit. For hydrogen and other gas elec- 
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trodes, as well as for half reactions involving two dif- 
ferently charged ions of the same metal, an unattack- 
able metal such as platinum serves as the conductor. 
The E° of the hydrogen electrode is taken arbitrarily 
as zero and all other E° values are measured from it. 

[Co(NH3z)e]+* — [Co(NHs;)s]*t*+*+ + € RO m= —0:1 

[Co(H.O)n]++ + [Co(H,O)m]+++ +¢  E® = —1.84 

[Co(CN)6]== —> [Co(CN).]= +e EX = +0.83 
Coordination with ammonia stabilizes the trivalent 
condition much more than coordination with water, 
in fact, the latter addendum favors the divalent condi- 
tion so strongly that the aqueous trivalent cobalt ion 
would liberate oxygen from water. On the other hand, 
coordination with the cyanide ion so greatly favors the 
trivalent condition that a solution of cobaltocyanide 
will liberate hydrogen from water. 

The ferrous ferric equilibrium is also strongly in- 
fluenced by different complex formers as is shown in the 
following table: 

[Fe(H.O)n]++ —> [Fe(H.O)m]t++ +. Fo 

[Fe(CN).]"" — [Fe(CN).|™ +e FE 

[Fe(o-phen);]+*+—> [Fe(o-phen)3]*++* + ¢ FE 

From these values of E® one can calculate the ratio 
of the concentrations of ferrous to ferric ions which 
would make the E value zero and would thus be in 
equilibrium with the normal hydrogen electrode. 

({Fe(H,0)n]**) 
([Fe(H20)m]***) 
([Fe(CN).]~~) 
([Fe(CN)s]*) 
({Fe(o-phen)s] **) 
(Fe[(o-phen)3]***) 


—0.77 
—0.36 
—1.14 


= 101 





= 108%! 


10193 





It may be noted, if we figure against the normal 
hydrogen electrode as a standard, that coordination 
with cyanide ion renders the ferrous condition of iron 
far more stable than the ferric, whereas on the other 
hand it renders the cobaltic condition of cobalt far 
more stable than the cobaltous. Water and o-phenan- 
throline increase the relative stability of the ferrous 
condition still more. With cobalt the water addendum 
works in completely the opposite direction to that of 
the cyanide, whereas with iron we have just noted 
that it works even more strongly in the same direction. 


POLAROGRAPHY 


The results of the measurements made by this 
method also show the effect of complex forming ad- 
denda in favoring one or another valence state of a 
metal. Usually in this method a machine known as a 
polarograph is used, which records automatically and 
photographically the current against changing poten- 
tial in a cell consisting of a dropping mercury electrode 
in the solution of the substance being investigated, 
and a nonpolarizable electrode which is frequently 
compared with a standard. For each ion investigated 
there is obtained what is known as a polarographic 
wave. Figure 1 shows the wave obtained with an air- 
free solution about 0.001 molal in a heavy metal salt 
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such as ZnSQ,, and 1 molal in a supporting electrolyte 
such as KCl. 
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FIGURE 1.—A TypicaAL POLAROGRAPHIC WAVE 


The current remains very small (impurities, ca- 
pacitance) until the discharge potential of zinc ions at 
the existing concentration is reached. The zinc ions 
are quickly depleted from the layer next to the mercury 
drop, and more zinc ions can discharge only as they 
reach the surface by diffusion. In the presence of the 
KCl, the so-called supporting electrolyte, no high 
potential gradient can arise within the solution, but the 
entire potential drop occurs at the electrode surface. 
The migration current is carried almost entirely by 
the KCI but the potential is only that of the discharge 
of Zn ions; so the current is dependent solely on the rate 
of diffusion of zinc ions to the mercury surface. The 
steep part of the wave represents the interval during 
which the potential is rising to the value where all the 
ions diffusing to the surface will be discharged, the upper 
level part of the curve represents the limiting current 
which depends on the diffusion of the zinc ions. 

The potential at the middle point of the wave is 
called the half-wave potential (E'/:) and is characteristic 
of each particular ion and independent of its concentra- 
tion. Polarography is thus a useful tool of analytical 
chemistry. Qualitatively very small traces of an ele- 
ment can be detected by a wave with the characteris- 
tic E'/,. The height of the wave gives the quantita- 
tive measure. 

From the point of view of our discussion, the addi- 
tion of a complex former to the solution would raise 
the discharge potential, or change E'/: to a more cath- 
odic value. In fact, it is possible to deduce both the 
coordination number and the stability constant of a 
complex from the effect of the addition of a complex 
former on the polarographic wave. 

The method of polarography is also applicable to 
the oxidation or reduction from one ionic state to an- 
other. 


EXISTENCE OF COMPLEXES IN WHICH THE CENTRAL 
ATOM HAS UNUSUAL VALENCES 


Silver has so universally the valence of one in all its 
compounds which come under observation in ordinary 
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chemical procedures, that it is almost a shock to most 
chemists to find that there are compounds in which 
silver has a valence of two. 

Several such compounds can be prepared when an 
ordinary silver salt is subjected to a strong oxidizing 
agent, such as persulfate or anodic oxidation—in the 
presence of acomplex former. Thus silver II picolinate 
is readily formed as a very stable red crystalline sub- 
stance, little soluble in water. 


O O 
| 


— fe. erm. 
/ Y SAg? ‘ ) 
al wi. 


As is seen from the formula, the silver takes the 
place of the hydrogen atoms of two molecules of pico- 
linic acid. The covalent bonds thus produced, in 
which one electron for the binding pair comes from 
each of the atoms thus joined, are represented by 
straight lines. Such covalent bonds connecting a 
metal atom and an acid radical are usually not very 
firm, but the whole pair is apt to stick to the acid radi- 
cal, forming a negative ion, and the metal ion is left 
free to be coordinated with solvent molecules, as for 
example in silver acetate. But in this case of silver 
II picolinate there is another force. The nitrogen 
atoms possess unshared pairs of electrons; these become 
shared with the silver atom, thus forming coordinate 
bonds. The arrow shows the direction in which the 
electron pair is ‘donated.’’ There is thus formed 
around the silver II atom a coordinate sphere of eight 
electrons, and there are two “chelate” rings of five 
atoms. All this produces such a degree of stability 
that the silver atom can exist in the divalent condi- 
tion, and the tendency of the primary valence bond 
to rupture ionically is suppressed to the vanishing 
point. 

In contrast to this electrically neutral complex, 
there are several ionic complexes of divalent silver. 
Both the persulfate and the nitrate of the tetrapyridino 
complex 

[(CsHsN)4Ag] ** 
of divalent silver have been prepared. The sulfate, 
nitrate, perchlorate and chlorate, as well as the per- 
sulfate of the orthophenanthroline complex of divalent 
silver 


++ 


a J\ 
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ANY 








Le 


have been prepared and this complex is especially 
stable. 

Monovalent manganese is completely unknown in 
everyday chemical procedures. Yet in the presence of 
the cyanide ion, divalent manganese can be reduced 
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by aluminum, and the crystalline salt Ks[Mn(CN).] can 
be obtained. 

It is pretty generally accepted that the electronic 
structures of nitrogen, carbon monoxide, and the 
cyanide ion are identical 


i aay «be 220: (36:2 SNE} 

The structure of nitric oxide is very similar except 
that it contains an extra electron. Nitric oxide is an 
excellent complex former, and in at least some of the 
complexes it forms with metal atoms, this extra elec- 
tron is transferred completely to the metal atom, 
leaving the nitrosyl group thus formed with a positive 


charge. 
LN: 40s )* 
Nitrosyl radical 


Ns «20% 
Nitric oxide 

Nitrogen molecules show no tendency to form com- 
plexes, probably because the two lone pairs are exactly 
symmetrical. In :C:::O: and :C:::N: it is doubt- 
less the lone pair on the less positive C end of the radi- 
cal which is donated in complex formation, and in the 
nitrosyl radical it is doubtless the lone pair on the nitro- 
gen. 

Since these lone pairs are integral parts of the struc- 
ture of the addenda, they are not to be counted in 
figuring the valence of the central atom. Hence in 
[Mn(CN).|=-, the valence of manganese is+I. In the 
unusual salt K;[Mn(CN);NO] the valence of man- 
ganese is also +I if we accept the hypothesis that the 
nitrosyl group is positive. 

Zero is certainly an unusual valence and one which 
would not be expected to be conducive to the forma- 
tion of chemical compounds. Yet the carbonyls are 
illustrations of this valence if in 


Ni(CO),, Fe(CO);, Ru(CO)s, Cr(CO)s, Mo(CO)s, W(CO). 


we count the coordinating pairs as still belonging to 
the carbonyl groups. 

These volatile carbonyls have no slightest resem- 
blance to salts, but recently a nickel compound K,- 
[Ni(CN),4] has been prepared by Eastes and Burgess 
(1942), in which the Ni in the [Ni(CN),]=- ion has a 
valence of zero. Similarly, and still more recently, 
the compound K,[Pd(CN),] has been prepared and 
identified by Burbage and Fernelius (1942). 


FACTORS AFFECTING THE STABILITY OF A COMPLEX 


A. Gaseous Ions and Ions in Solution 

The character of the ions that exist in solutions bears 
little resemblance to that of gaseous ions. The life of 
gaseous ions is short. Even when they condense super- 
saturated vapor to form droplets, as in the fog track 
experiments, their life is only prolonged because of 
slower motions. In other words the ionic condition 
in gases is not a stable state, and all gaseous ions will 
recombine. On the other hand the ionized condition 
of salts (including strong acids and bases) is the stable 
state in solution. Coordination is an important factor 
in that stability. 








su] 
ple 





SEPTEMBER, 1943 


B. Valence of the Central Atom 

Valence, as the term is used in this paper, is an im- 
portant condition of an element from the practical 
standpoint of its electrochemical behavior and its be- 
havior with oxidizing and reducing agents. On the 
other hand the actual electric charge of the central 
atom is an indeterminate matter. The electrons of the 
coordinating ring belong mutually to the central atom 
and the addenda, but there is no way of estimating 
the fraction of their charge belonging to the central 
atom. Thus the net charge of the central atom would 
rarely be an integral number. Through all the vicissi- 
tudes of meaning that the term valence has undergone, 
it has never signified anything other than an integral 
number. There is thus no definite relation between 
the oxidation and reduction valence and the real elec- 
tric charge of the central atom of a complex. The 
valence of the central atom in reality is only a subordi- 
nate factor in establishing the stability of a coordina- 
tion complex. In fact, almost any initial charge on 
the central atom may become stabilized by surround- 
ing it with coordinating addenda. 


C. Symmetry and Distribution of Masses and Charges 

The stability of a coordination complex depends on 
many things besides the valence of the central atom; 
it probably depends somewhat on the relative masses; 
it certainly depends in large measure on the symmetry 
of the distribution of the electric charges. 


D. Resonance 

This word, which is very much in vogue today, 
suggests a condition in a group of atoms where several 
distributions of electrons are possible. When the 
electrons fall into a state of pulsation among the differ- 
ent distributions we have resonance. In falling into 
this state of resonance, energy is given off. Thus 
resonance increases the stability of the structure. The 
resonance of the alternating single and double bonds is 
supposed to contribute to the stability of the aromatic 
ring. 


E. Chelation 

Individual addenda like ammonia and pyridine, 
with single lone pairs of electrons, produce fairly stable 
complexes with some metal atoms. But addenda like 
ethylene diamine, which form chelate complexes by 
allowing two or more remote lone pairs of the same 
addendum to enter the coordination sphere, build still 


more stable complexes. 
re 


H.N He 
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Whenever resonance can occur in the chelate ring, it is 
supposed to add still more to the stability of the com- 
plex. Orthophenanthroline is a remarkable complex 
former. 


The lone pairs on the two nitrogens are spaced to 
produce a five membered chelate ring with the central 
atom. It forms remarkably stable complexes with 
both ferrous and ferric iron. 


[Fe( Ci2HsN2)s] : [Fe(Ci2HsN2)3] a 


and 


These complexes are both highly colored, and the 
value of E° in favor of the ferrous complex is high, so 
that the orthophenanthroline-iron complex makes an 
excellent indicator in oxidation and reduction titrations. 


F. Uncertainty Regarding Solvation 

Metal ions in water solution are hydrated to an ex- 
tent which is not known with much certainty. Many 
complex formers displace water from the coordinating 
sphere, and we usually assume that in the very stable 
complexes such as [Fe(CN).|=- there are no water 
molecules left in the coordinate sphere. But of this 
there can be no certainty. With volatile substances 
whose vapor density can be determined, the molecules 
are widely separate and unencumbered by solvent 
molecules, and the molecular weight is not in doubt. 


Metal 


G. Effective Atomic Number in the Volatile 
Carbonyls 
The vapor density of the volatile metal carbonyls 
shows with certainty the magnitude of the coordina- 
tion complexes, and it is found that a striking uni- 
formity in the condition of the central atom prevails, 
namely, that the effective atomic number duplicates that 


of the nearest inert gas. The effective atomic number 
(E.A.N.) of an atom is the total number of electrons 
either possessed completely or shared with other atoms 
in covalent or coordinate bonds. 


H. Effective Atomic Number and Valence 


A great clarification of the cause of valence came 
with the recognition of the tendency of atoms to ac- 
quire the E.A.N...of inert gases. But when the 
atom is more than three or four places removed from 
the nearest inert gas, the hypothesis of the transition 
elements must be invoked: with increasing atomic 
number of the elements, as the electrons in the valence 
layer increase above three, some are likely to shift to 
underlying layers in the kernel, leaving most often two 
or three in the valence layer. Removal of these valence 
electrons leaves the metal ions, not as usually written 
Cr+t++, Fet+, Fett+, Cut+, etc., but coordinated 
with solvent or solute ions or molecules, or coordinated 
with adjacent ions in crystal lattices. 

For example: Trivalent chromium can coordinate 
in several ways in solution and the charge of the com- 
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plex is the net of the charges of the central atom and the 
addenda 


[Cr(H20)6]**+* [CrCl(H20)5]** [CrCl(H20)4]* [CrCls(H20)s] 


In these complexes the E.A.N. of chromium is 24 — 3 
+ 12 = 33 and the number of electrons in the kernel 
is 24 — 3 = 21. It is obvious that coordination 
forces are holding these complexes intact in spite of 
apparently getting no help from the inert gas structure. 

When one pins his attention on the chromium com- 
plexes just cited, and in fact upon a great many of the 
coordination compounds of the heavy metals, one is 
inclined to conclude that the £.A.N. has no effect in 
determining the valence of the transition elements, 
but that coordination alone is responsible for stabilizing 
a particular valence. 

On the other hand, when one directs his attention 
to the volatile metal carbonyls, he becomes enthused 
with the idea that coordination merely provides a 
mechanism by which the £.A.N. of an inert gas can be 
obtained without producing an impossible electro- 
static strain. The following list of the volatile car- 
bonyls and their effective atomic numbers is impressive. 


E.A.N. Inert Gas 


Carbonyl 
Ni(CO),4 
Fe(CO)s 
Ru(CO); 
Cr(CO). 


36 
36 


Fe(CO)2(NO)> 
Co(CO),H 
Fe(CO),He 
Re(CO);Cl 
The carbonyl hydrides are weak acids and form salts 
with strong bases; the negative ions falling in line with 
the volatile carbonyls: 


[Co(CO)4]- 7 + 148 
[Fe(CO),]~ 26+ 2+8 


Although we must admit that the strong forces of 
coordination will stabilize structures in which the E.a.N. 
of the central atom is not that of an inert gas, we are 
quite equally forced to admit that the urge of the cen- 
tral atom to acquire this condition is a factor in making 
the complex more stable. In the following pairs of 
complex ions of same composition but different charge 
there is no doubt that the complex with £.A.N. of 36 is 
the more stable. 


[Fe(CN).]"" 36 
[Fe(CN).]™ 35 


[Co(CN).]* 36 
[Co(CN).6]-~ 37 


[Fe(CN);NO]™ 36 

[Fe(CN);NO]* 37 
Although most of the complex cobaltic ions are so 
much more stable than the cobaltous that the cobaltous 
salt will liberate hydrogen from water, the fact never- 
theless remains that the aquo cobaltous salt is far more 
stable. The value E® = —1.842 for the aquo cobalt- 
ous-cobaltic electrode shows that the cobaltic salt will 


“I bo DO bo bo 
AOnaon 
++++4+ 


JouRNAL OF CHEMICAL EDUCATION 


liberate oxygen from water. Still we cannot be sure 


that this fact contradicts the generalization about the 


effect of the E.A.N. because we do not know the ex- 
tent of coordination of the aquo cobalt ion. 


STRIKING EXAMPLES 


(a) Beryllium basic acetate BesO(C2H302)s. This as- 
tonishing compound is left as a residue when a solution 
of beryllium oxide in acetic acid is boiled. It finally 
distills as a pure substance at 331°. If the symbol R 
is allowed to represent the acetate radical 


Oo 
HyC—C@ 


the coordination of the whole molecule is shown by 


Om 
Lf Se 


en: 
R 


The four Be atoms are arranged at the corners of a 
tetrahedron surrounding the O atom and the six ace- 
tate radicals occupy the edges. 

In this formula, the important factors promoting the 
great stability are the great symmetry, the chelation, 
the E.A.N. (Be = 4— 2+8= 10) and(O=8+2= 
10) of neon, and the resonance of double and single 
bonds in the —C = linkages. 

(b) Acetyl acetonates. Acetyl acetone resonates 
between the keto and enol structures 


oe a ee H,;C—C—CH—C—CH,;, 
OH 
In forming the acetylacetonates the hydrogen of the 


enol form is displaced by an equivalent amount of 
metal, the beryllium compound having the structure 

















O 
Te 4 
Be 
ee 
on 
H;C—C—CH=C—CH; 


Again the factors of great symmetry, chelation, E£.A.N., 
and resonance are obvious. The £.A.N. is 4 — 2 + 
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8 = 10 = Ne, or if we consider the Bet* ion in the 
middle, it is 4 — 2 = 2 = He, with the Bet* stabilized 
by the coordination of the ring of eight electrons. 
Beryllium acetyl acetonate can be distilled without 
decomposition and has a boiling point of 270°. 

Acetyl acetonates of about 40 elements are known. 
Many are volatile enough for their vapor densities to 


be determined. In general they are soluble in organic 
solvents and insoluble in water. Many can be sub- 
limed without decomposition. In Mg(C;H7Os)2, Zn- 
(CsH7O2)e, Al(C;H7O2), Th (CsH7O2)s, either the E.A.N. 
or the number of electrons in the kernel is that of an 
inert gas, but on the other hand, Ni(Cs;H;O:z)2 and Fe- 
(CsH7O2)3, for example, seem to exist without respect 
to the E.A.N. 

Hence we must conclude that the other factors alone 
are able to hold the acetyl acetonates stable without 
the assistance of the E.A.N. 

(c) The metal alkyls. In the metal alkyls the metals 
display their usual group valence and the alkyls re- 
semble the chlorides, in that in ZnR2, HgRe, AIRs, 
GaR;, GeRy, SnRy, PbRy, etc., R may stand for either 
an alkyl (or aryl) group or a halogen atom. 

The alkyls are far more volatile than the halides and 
much more nonpolar. The bonds are all of the covalent 
type. We may consider the metal atom of the alkyls 
as being stripped of the valence electrons, leaving either 
an inert gas structure or the structure of a pseudo inert 
gas Nios, Pda, Eres, Ptz. This ionic structure is stabi- 
lized by the coordinating ring. In the alkyls it is the 
kernel which reverts to the inert gas structure. The 
E.A.N., which embraces the coordinating electrons, as- 
sumes an inert gas number only in the fourth group 
metal alkyls GeRy, SnRu, PbR,; but it is true that these 
fourth group alkyls are more stable than the others. 
Certainly they resist hydrolysis and spontaneous oxi- 
dation better than the others. That the tendency to- 
ward an inert gas E.A.N. is strong in the third group 
alkyls is shown in the great stability of the compounds 
with trialkyl amines 


R3B-NR; EAN. = 5—-3+8= 10 Ne 
R,Ga-NR; E.A.N. = 31 —3 + 8 = 36 Kr 
(d) Dimethylglyoxime nickel. Dimethlyglyoxime 


is a very specific reagent for the nickelous ion. Its 
formula 


ae 
HON NOH 


shows plenty of the characteristics of a complex former. 
Actually with nickel salts the divalent nickel exchanges 
with one hydrogen of each of two dimethylglyoximes 
and the other nitrogens close the chelate rings with 
coordinate bonds. The structural formula of the 
complex may be written as follows: 


ee cu ee 
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That this complicated structure is very stable is shown 
by the fact that it sublimes undecomposed at 250°. 
That dimethylglyoxime is so specific for nickel shows 
that the electronic structure of the divalent nickel is 
an essential factor in balancing the resonance of the 
whole complex. 

Many other complicated organic reagents which are 
specific for individual metal ions further strengthen the 
conclusion that the electron arrangement within the 
central atom is an important factor in establishing the 
resonance and thus the stability of the whole complex. 

(e) Phthalocyanins. When copper is heated with 
phthalonitrile at 220° to 270°, there results a remark- 
able deep blue pigment, the structural formula of which 
has been worked out by Linscott, Dent, Lowe, and 
Byrne (1934) as: 
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No hydrogen is displaced by the copper, but the elec- 
trons are taken up in a rearrangement of the bonds. 

This substance is so stable that it can be sublimed 
unchanged at 550°. The factors of symmetry, chela- 
tion, and resonance are apparent from the formula. 
One can trace a course of alternating single and double 
bonds in an unsymmetrical path completely around the 
molecule, but this dissymmetry, as well as that of the 
lower right hand ring, is in reality only an expression 
of a supersymmetry because, with the resonance of the 
intermediate bonds, the dissymmetry progresses around 
the structure much as ocean waves proceed forward 
through the to-and-fro motion of individual drops. 

This structure is so stable that it does not indeed 
need the metal atom in the center. Treatment with 
cold concentrated sulfuric acid substitutes hydrogen 
for the copper, thus giving the parent substance, 
phthalocyanine. The corresponding compounds with 
iron, nickel, magnesium, and platinum as central atoms 
have also been prepared. 


SUMMARY 


Valence has been defined in this discussion as the 
number of faradays involved in changing one gram 
atom of the element from the uncombined state to the 
state in question by an ideal electrochemical process 
in which no other element changes its valence. 

Valence is not a measure of the electric charge of the 
element in a complex nor is it a measure of the number 
of chemical bonds. 
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In simple binary compounds the number of covalent 
bonds is usually numerically equal to the valence. 
However, the coordinate bonds which are added in 
addition to covalent bonds in the formation of com- 
plexes are, when once formed, often indistinguishable 
from the covalent bonds. Many factors influence the 
stability of complexes, and when these factors are favor- 
able the coordinate bonds may become even stronger 
than primary covalence bonds. 

The addenda which go into the formation of com- 
plexes are able to determine what valence of the central 
atom shall be most stable. 


REFERENCES 


BLANCHARD, ‘“‘The volatile metal carbonyls,” Chem. Revs., 21, 3 
(1937) 








N INTERESTING original device was used re- 
cently at a science open house at Blackburn 
College, to explain the movement of protons or deu- 
terons between the ‘“‘dees’’ of a cyclotron. This device 
shows the relative position of the moving particles as 
the dees change in charge, and the increase in speed of 
a projectile as it travels from the center to the outer 
edge of the dees. 
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FicureE 1.—DIAGRAM OF CONSTRUCTION 


A Model Demonstrating the Cyclotron Principle 


EUGENE E. GRASSEL 
Blackburn College, Carlinville, Illinois 
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This device, shown in the figures, consists of a box 
lighted from the inside, the top of which is a piece of ply- 
wood in which a spiral slit and two sets of negative and 
positive signs have been sawed. Between the spiral and 
the source of light is a slotted circular plywood disc, 
which is turned by a small motor. A paper top con- 
taining a picture of the dees is laid over the plywood 
top. 

Two sets of plus and minus signs are placed one 
above the other, above the spiral. The top set is in the 
order, plus-minus, and the bottom set is in the order, 
minus-plus. The motor-turned disc, which is placed 
directly below the spiral, has an annular slot cut close 
to the edge, extending half way around the disc. A 
second annular slot is cut closer to the center, extend- 
ing around the other half of the disc, and a third slot 
is cut along a radius of that diameter which passes 
through the ends of the first two slots. The disc is 
placed below the top containing the spiral, so that 
the center of the spiral coincides with the center of the 
disc; then the outer slot falls directly under the top 
set of signs, and when the disc is turned, the inner slot 
coincides with the bottom set of signs. The disc is 
placed with the side turned up that causes the radial 
slot to fall on the side of the box where the negative 
sign is lit. This disc is held on a vertical axle made of 
a dowel pin fastened securely between the center of 
the spiral and the bottom of the box, and kept from 
moving sideways by guide wires fastened around the 
dowel and to the sides of the box. The disc is grooved 
around the edge, and a string belt extends from the 
pulley on the motor around the disc in the groove. 
The box is lighted by an electric light placed under the 
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FIGURE 2.+~PARTS OF 1HE MODEL 


revolving disc. Between the disc and the light is placed 
a sheet of tissue paper to diffuse the light and get rid 
of undesirable shadows. 





FIGURE 3.—IN OPERATION 


The principles of the cyclotron are demonstrated by 
the movement of spots of light which show through the 
paper top. This is caused by the changing in the align- 
ment of openings as the revolving disc turns under the 
plywood top. 


THE COLOR OF CANNED PEAS 
(Continued from page 453) 


about 0.1 per cent magnesium hydroxide. The 
sealed cans are heated for seven minutes at a tempera- 
ture of 260°F. when in cans of the size most frequently 
sold. It is further recommended that the peas canned 
by this process be stored at a temperature of not over 
55°F. Blair processed peas are colloquially known as 
“greenies” because they have the bright green color of 
fresh peas, owing to the retention of the natural pig- 
ment. 

The investigators have not overlooked the nutri- 
tional implications of their development. It might be 
considered that the treatment would result in consider- 
able destruction of thiamine and ascorbic acid, which 
are readily destroyed in alkaline media. However, 
such is not true when the pH level within the peas is 
properly maintained in the median pH range (about 
pH 8) throughout each stage of the canning procedure. 
It has been found that the range of ascorbic acid con- 
tent in ordinary canned peas is from 6 to 16 mg. for 
each 100 g. and, for thiamine, from 0.06 to 0.14 mg. 
The new product, which at present is more or less of a 





specialty item, falls within the same range for.these two 
important nutritional components of peas. 

Soaking the peas in sodium carbonate solution pro 
duces a slight reduction in acidity which is sufficient 
to retard the change from chlorophyll to pheophytin 
but it also has a softening effect on the texture of the 
peas. The addition of traces of calcium hydroxide to 
the blanch solution retains the alkaline reaction and 
gives a hardening effect. The magnesium hydroxide 
which is added in traces to the canning medium pro- 
vides a reserve of alkali and tends to prevent a change 
in color during storage. ‘The alkalinity must be kept 
below pH 8 or undesirable effects are produced. No 
doubt the change in heat processing to a higher tem- 
perature for a shorter period of time helps retain the 
color and the nutritional quality of the product. The 
Food and Drug Administration requires that the 
labeling for this product must bear the statement, 
“Traces of sodium carbonate, calcium hydroxide, and 
magnesium hydroxide added,” or as an alternative, 
“Traces of alkalies added.” 


—Nutrition Reviews 
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Applied Research in Wartime 


LAWRENCE W. BASS 


New England Industrial Research Foundation, Boston, Massachusetts 


N THE TWO decades following World War I, Ameri- 
can research activities of all types expanded many 
fold. From an undistinguished place among the na- 
tions we advanced to leadership in most fields of scien- 
tific and engineering investigation. Our resources in ap- 
plied science became recognized as one of our great na- 
tional assets. It is depressing to think of the over- 
whelming handicaps we would have faced if Pearl 
Harbor had caught us in the research situation of 1918. 
When war was suddenly forced upon us, the conver- 
sion of our technical facilities to an emergency basis 
proceeded with a rapidity which on mature reflection we 
can regard with pride. With few exceptions our labora- 
tories in 1941 were concentrated on the problems of 
peacetime, and there was considerable interest in long- 
range investigations for the postwar period. The di- 
rectives, the background, the contacts, and the organi- 
zation were lacking to transform our research programs 
overnight. The problems were too complex to permit 
an immediate readjustment of perspective in orienting 
technical work. 

Emphasis in the industrial conversion centered first 
upon the production of raw materials and of new 
articles for which specifications could be developed 
rapidly. The pressure of urgent requirements gave 
little opportunity for systematic study of a basic char- 
acter. As industry mobilized for war production, how- 
ever, technical questions began to arise in large num- 
bers. In a relatively short time established organiza- 
tions of scientists and engineers were for the most part 
wholly occupied with the problems of wartime economy. 

There has been a very active demand for competent 
industrial research men for several years. The shortage 
was already acute before we entered the war. Now 
there is a continually increasing number of vacancies in 
all brackets from junior assistants to seasoned technical 





1 Abstract of an address presented at the Fifth Summer Con- 
ference of the New England Association of Chemistry Teachers, 
Andover, Massachusetts, August 28, 1943. 


executives. In view of the present curtailment in 
chemical and chemical engineering training, the situa- 
tion will become even more serious. To supplement 
the usual channels of applied research it has fortunately 
been possible to draw upon reserves of technical man- 
power through such organizations as the National De- 
fense Research Committee, the War Metallurgy Com- 
mittee, the Committee on Medical Research, the Office 
of Production Research and Development, the National 
Research Council, etc. 

The problems confronting research men during the 
emergency have called for ability of the highest order. 
The complexities of raw material supplies have imposed 
new burdens which have taxed technical ability to the 
utmost. Answers have had to be supplied on short 
notice with the expectation that they would be only 
temporary solutions. 

In normal times the period between initiation of a 
research project and commercial application of the 
findings was usually a matter of years. The exigencies 
of wartime have necessitated a much more rapid tempo 
for development programs. The results obtained under 
such severe conditions naturally lack the refinements of 
a more cautious procedure, but they are evidence of the 
ability of our technical staffs to get things done. 

Because of the contributions of research organizations 
during the emergency, management has come to value 
its technical men more highly than ever before. Par- 
ticularly among the smaller companies there has been 
a widespread recognition of the importance of science to 
the successful operation of a business. | 

Educational programs in chemistry and chemical 
engineering have suffered profound changes. Oppor- 
tunities are decreasing to the vanishing point for the 
type of training that fosters research careers. Faculties 
are being disrupted as the members are called into 
other types of work. Our teachers have just cause to 
be proud of the versatility and adaptability they have 
shown. The break in our educational sequences will 
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present weighty problems in manning our laboratories 
both to provide wartime technical advances and to aid 
in meeting the difficulties of the postwar readjustment. 
When peace comes there will be a gap of several years 
before junior men of proper training become available 
at a normal rate. Supplementary study will be needed 
to round out fragmentary courses in the scientific and 
engineering disciplines and to reorient young technical 
men whose careers were interrupted. 

Fundamental research has had to be curtailed or 
stopped by an increasing number of scientists as they 
have been called to aid in emergency problems. Their 
assistants are dispersed and their equipment is gather- 
ing dust. This interruption of progress in basic science 
is a great loss to the world which we must bend every 
effort to overcome in the postwar period. 

Research scientists in industrial, university, and 
government laboratories have played a vital part in the 
production miracle of this nation during the past year 
and a half. Our technical programs have now de- 
veloped in such a way that the results will be still more 
important with each succeeding month. And when the 
war is ended these same scientists will point the way to a 
prosperous future. 


Notes 


An urgent request has come to the Secretary for Vol. 
42, No. 1 of the Report. This is wanted by the New 
York State Library in Albany. They are anxious to 
get some volumes of the Report and anyone cleaning 
off his shelves will find the library grateful for the gift. 

Membefts of the Association will be interested to 
learn that Dr. Laurence S. Foster, Immediate Past- 
President, and Associate Editor of the JOURNAL, is now 
at the University of Chicago where he is doing war re- 
search. He has resigned as Associate Editor, and Dr. 
Leallyn B. Clapp has been appointed to take his place. 

New Manuals giving the names and addresses of all 
members of the Association have been prepared and 
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may be obtained from the Secretary at future meetings. 
At the invitation of the Civilian Preinduction Train- 
ing Branch of the War Department, Millard W. Bos- 
worth represented the N.E.A.C.T. at a conference held 
in the Pentagon at Washington, July 22-24. The 
Fundamentals of Machines and Electricity was the 
topic under discussion, and much work was accom- 
plished on a new presentation of parts of these courses 
for the teachers of the United States. It is hoped that 
a supplementary manual for the P.I.T courses will be 
issued by September to acquaint the teachers better 
with the idea behind this work. It is essential that all 
teachers get behind the work and aid their students in 
obtaining a background of practical information to 
prepare them for induction into the armed forces. 





TEACHER MANPOWER PROBLEMS AND THE 
WAR 


The United States Office of Education (Washington, 
D. C.) has recently issued a three-page statement 
under the above title. It should be in the hands of 
every teacher in the country. From it we quote the 
following: 


About 189,000 teachers were reported in March as new to their 
positions in 1942-43, as compared to less than 95,000 in normal 
years. Probably 30 to 40 per cent of these came from other 
teaching positions. The teacher turnover rate, normally about 
10 per cent, practically doubled in 1942-43. It was more than 
twice as great in rural schools, as in city schools. 

The greatest losses were in city and rural war-related high- 
school subjects in which men predominate, and in rural 
elementary schools, in which very low salaries prevail. There 
were heavy losses from rural school positions to better paid city 
school positions. The numbers of unfilled positions in high- 
school subjects were greatest in: industrial arts, physical educa- 
tion, mathematics, commercial education, agriculture, physics, 
home economics, chemistry, and trades and industries. 

Standards of preparation of teachers have been seriously 
lowered. The number of emergency certificates issued in 1940- 
41 was 2305; in 1941-42, 4655; and in 1942-43, to March, an 
estimated 36,689. - 





Letter to the Editor: 

On Saturday, May 29, I wanted to use the microfilm 
reader in our library, but was disappointed to find a 
notice on the door saying the library would be closed 
the 29th, 30th, and 3lst—the Decoration Day holiday. 

Upon returning to our laboratory it occurred to me 
that a microfilm reader might be improvised from ap- 
paratus on hand. Fifteen minutes’ experimentation, 
and microfilms were being read. The following de- 
scription might be of help to others who have not access 
to a microfilm reader when it is sorely needed: 
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Place a projection apparatus a suitable distance from 
a screen consisting of white cardboard or paper. (With 
our Balopticon this was about 2.5 to 3.0 meters.) It will 


not do to use even the fine modern ‘‘glass’’ screens, as 
the surface is too rough. 

Remove the slide-holder, and in its place put two 
pieces of glass plate 4 X 5 in., such as ordinary dry 
plates from which the emulsion has been removed, held 
together by two rubber bands arranged horizontally. 
Between the plates thread the microfilm. Wedge the 
plates in position with a cork or two. Focus as usual. 
Keep the film air cooled. 
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While not as convenient as a standard form micro- 
film reader, the above “‘ersatz’’ apparatus works well. 
W. C. EBAuGH 


DENISON UNIVERSITY 
GRANVILLE, OHIO 





What's Been Going Ou 


ERAMICS, in some applications competitive with plastics, 

possess properties not equalled now nor in the probable 
future by plastics. Ceramics, as inorganic materials, are funda- 
mentally more temperature resistant than plastics, which are 
organic. Surface hardness and low water absorption are other 
great advantages of most ceramics which at least up to now have 
not been approached by the chemist’s synthetic plastics. 

One of the oldest of the industrial arts, the ceramics industry 
nevertheless maintains a youthful attitude toward the need for 
continual alertness and adaptability. Dr. G. H. McIntyre, 
research director of the Ferro-Enamel Corporation, in a recent 
talk before the American Ceramic Society, reviewed some of the 
industry’s future requirements and present accomplishments, 
including corrosion-resistant porcelain enamel as a replacement 
for special high-cost alloys and semidull porcelain enamel finishes 
for which a great architectural demand is foreseen. 

In the glass industry, largest of ceramic industries, recent de- 
velopments include glass lighter than cork, prepared by heat- 
ing to softness glass containing gas-evolving substances; micro- 
scopically thin glass fibers, useful as textiles or as insulating 
‘“‘wool”’; nonreflecting glasses, made by coating the glass surface 
with an extremely thin film; and glass plumbing which, using 
special burners, can be as easily joined as common iron tubing. 
All of these developments have important war applications, 
either as replacements or as fundamentally new materials, for 
one virtue of the ceramics industry is that its products are in 
general available even during wartime. 

One of the ceramic industry’s adaptations to present demand 
is the Multiform process, developed to supply glass electric insu- 
lators in shapes which could not hitherto be manufactured eco- 


nomically on a large scale. The process, developed by Corning 
Glass Works, involves a combination of cold-molding glass batch 
material and subsequent fusing. Products already available 
cover a broad line of electrical parts, such as tube socket bases, 
switch cups, condenser spacers, crystal holders, and so on. 
Many other applications can be foreseen; however, present war- 
time need for insulating parts will emphasize this application. 

The characteristics of parts made by the Multiform process 
compare well with parts made by conventional  glass- 
manufacturing means, although not quite so good. Many 
kinds of special glasses molded by the Multiform process are 
available for electric parts and in many respects have unique 
properties as compared with other ceramic products. A rela- 
tively new type of glass which is almost pure silica has extremely 
low thermal expansion, while glasses of the borosilicate type 
compare favorably with electrical porcelains in this respect. 
Electrical glasses are particularly outstanding with respect to the 
voltage which they will withstand and their low dielectric loss at 
extremely high frequencies. The main limitation of glass as com- 
pared with other ceramic insulators is that even the best tem- 
perature-resistant glasses cannot be used at temperatures above 
1800°F. 

The cost of parts made by the Multiform process is said to be 
competitive with that of other high-grade ceramic insulators. 
For the manufacture of thin-walled articles and hollow cylindri- 
cal shapes traditional casting techniques will probably be pre- 
ferred, but for plates, rods, discs, beads, bushings, and articles of 
more intricate shapes requiring close tolerances the Multiform 
pressing method seems particularly applicable—ZIJndustrial 
Bulletin of Arthur D. Little, Inc. 


LETTERS 


Foot/Cubic Foot/Ounce 


To the Editor: 

In the college texts of general chemistry that have ap- 
peared in new or revised editions since 1940 there is to 
be found an increased use of common weights and 
measures in problem work, with the ounce molecular 
weight and pound molecular weight introduced in con- 
nection with gas volume relationships. These innova- 
tions are evidently intended to aid in meeting the prac- 
tical needs of the engineering students who are being 
trained under a wartime program. They should also 
be equally helpful for all non-technical chemistry stu- 
dents. The texts have not, however, exhausted the 
possibilities along such lines. As many instructors of 
chemistry are unaware of the basal features of the com- 
mon weight and measure system, some comments may 
be helpful, first, as to the scientific background for the 
foot/cubic foot/ounce system and, second, as to prac- 
tical applications that may be made to classroom pro- 
cedure. 

It has often been tacitly assumed that the metric 
system was unique in using the weight of a unit volume 


of water as the main weight unit. The Greeks used 
such an idea, and so did the Romans. And so, also, 
did those who devised our common weight units. A 
brief reference to the earlier plans may be enlightening, 
as the facts do not appear to be generally known. The 
Athenian /alent, as used in the coinage plans of Athens 
from the time of Solon on, represented the weight of a 
Greek cubic foot of water. This large weight was 
divided into 60 equal parts to get the mina. The 
Romans, modifying the Greek plan, divided this same 
talent into 80 equal parts to get their ibra weight. As 
may be judged from the examples of marked weights 
that have come down to us, the accuracy of their work 
was remarkable, the error being well within half a per 
cent. (These results may be checked from the follow- 
ing data given in Harper’s ‘Dictionary of Classical 
Antiquities’: Graeco-Roman foot, 11.68 inches; Athen- 
ian talent, 405,000 grains; Roman libra, 5053 grains. 
The weight of our cubic foot of water, at maximum 
density, is exactly 437,000 grains. The dimensions of 
a cubical container that would hold 405,000 grains 
would be, by calculation, 11.71 inches, one holding 80 
times 5053 grains would be 11.70 inches.) 
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Neither the English foot nor the avoirdupois pound 
were of English origin, though both have been in use 
in England for the past seven centuries. The first was 
introduced from the Continent in the days of the 
Norman kings, the second came into English use a 
century and a half later. The pound was, evidently, 
the redevised weight unit produced by the master 
craftsmen of Liibeck, the city that was the head of the 
powerful League of Hanse Cities that dominated com- 
merce in northern Europe for three centuries. By 
their plan the weight of a cubic foot of ice cold water was 
considered as equal to 1000 ounces; 16 ot these ounces 
made a pound. The ounce so devised was equal to 437 
grains, a value of startling accuracy, as there are ex- 
actly 437,000 grains in a cubic foot of water at 4°C. 
(You may check this value for yourself from the follow- 
ing data as given in the handbooks: 1 foot = 0.30480 
meter; 1 pound = 453.59 grams or 7000 grains. The 
value of 437,000 is accurate to six figures.) 

England did not recognize the highly accurate na- 
ture of the pound. In the days of Queen Elizabeth a 
well-meaning group of goldsmiths and merchants 
recommended that the weight of the ounce be changed 
to 437.5 grains, so that there would be exactly 7000 
grains ina pound. This change was officially adopted. 
The result was to make the ounce too heavy by almost 
half a drop of water. The error. so introduced was 
0.11 of 1 per cent, a cubic foot of water at 4°C. actually 
weighing 999 ounces instead of 1000, as planned. 

That is the historical background for our foot/cubic 
foot/ounce system. The comments that follow relate 
to classroom applications. Let us, first of all, discuss 
the matter of density. The density of water, in metric 
units, is 1000 grams per liter at 4°C.; for such a common 
temperature as 20°C. it is 998.2 grams. The corre- 
sponding density for 20°C. is 997.2 ounces per cubic 
foot. In all problems in which temperature is neglected, 
the policy of using the density of water as 1000 grams 
per liter has long been followed; the use of 1000 ounces 
per cubic foot (or 62.5 pounds per cubic foot) would 
seem equally logical. For various liquids and gases in 
those numerous cases in which the density values are 
not given beyond three significant figures the number 
values may be stated with equal appropriateness either 
in grams per liter, kilograms per cubic meter, or ounces 
per cubic foot. For example, the handbooks give the 
weight of dry air under standard conditions as 1.293 
kilograms per cubic meter and 1.292 ounces per cubic 
foot; to three significant figures the numerical values 
are identical. 

For solids it is quite customary to give densities in 
terms of grams per cubic centimeter. Multiplied by 
1000 the numerical values are changed to those giving 
the density in ounces per cubic foot. It has been sug- 
gested that the thousandth of a cubic foot be called an 
ov (ounce-volume). Using this unit the numerical 
value for density in grams per cubic centimeter would 
agree with that given in ounces per ov. Specific gravity 
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values can be determined from the English density units 
as easily as from the metric ones if the values are 
handled as stated above. 

For chemical calculations based upon equations, the 
gram molecular weight and the gram molecular volume 
of 22.4 liters are, at present, almost exclusively used. 
The use of the ounce molecular weight and ounce 
molecular volume of 22.4 cubic feet is equally logical and 
of greater value for engineering students. The methods 
of problem handling are identical whichever system is 
used. In case conversions from one system to another 
become necessary, it should be noticed that an ounce is 
equal to 28.3 grams and that a cubic foot is equal to 
28.3 liters. Problems using the formula pv = NRT are 
handled in the same manner for one system as for the 
other. If p is given in atmospheres, v in cubic feet, NV 
in ounce molecular weights, and 7 in absolute tem- 
perature, the value of R will be 0.082; R will have this 
same value if v is in liters and N in gram molecular 
weights. 

It is to be expected that a more complete use of the 
foot/cubic foot/ounce plan in chemistry work will be 
handicapped by a lack of laboratory equipment illus- 
trating these units. The civil engineer is already using 
the decimally divided foot, and measuring scales so 
divided are available. Balances weighing in ounces 
and decimal parts of the ounce are now in production 
on a limited scale. Graduates and burets graduated in 
ovs and fractions thereof, while not now available, 
would offer no production difficulties. As the ov is 
equal to 28.3 milliliters, present graduates and burets 
of 25- and 50-milliliter capacity would merely need a 
variation of calibration to become 1- and 2-ov instru- 
ments. K. GORDON IRWIN 


COLORADO STATE COLLEGE 
Fort Co.iins, COLORADO 


To the Editor: 


The photo to accompany “Out of the Editor's 
Basket” in the May, 1943, issue shows rivets for air- 
planes being removed from dry ice storage. 

The caption suggests that the reason for such cool- 
ing is to have the rivets in a contracted condition be- 
fore installation so that they may seize the members 
on expanding as they warm up. 

This is a nice hypothesis, so long as the plane stays 
out of the stratosphere, great circle routes to Russia, 
and the African night air. But isn’t the real reason that 
airplane aluminum alloys such as duraluminum are 
subject to age-hardening? Freshly prepared soft rivets 
will change to a hard and somewhat brittle condition 
after a few hours or days at room temperature, but the 
transition can be retarded indefinitely at the tempera- 
ture of dry ice, thereby allowing the rivets to be shipped 
and applied while soft. HAROLD F. CoTTER 


UNIVERSITY OF ALABAMA 
UNIVERSITY, ALABAMA 








RECENT BOOKS 


FRONTIERS IN CHEMISTRY, VOLUME I—THE CHEMISTRY OF LARGE 
Movecu.Lzes. Edited by R. E. Burk, Director of Research, 
Standard Oil Company of Ohio, and Oliver Grummitt, Depart- 
ment of Chemistry, Western Reserve University. Interscience 
Publishers, Inc., New York, 1943. vii + 313 pp. 15 X 23 
cm. $3.50. 

This is the first in a series of volumes to be published under the 
auspices of Western Reserve University based on invited lectures 
by well-known scientists. 

The book contains eight sections on topics relating to high 
polymeric compounds by six authors who have published much 
in this field. In all cases the subject matter presented is largely 
from work already available in other books or periodicals. This 
fact, however, in no way detracts from the value of this volume 
which provides well-written résumés on several subdivisions of 
polymer chemistry. 

The book is not intended as a text but is designed particularly 
for the specialist and the trained research worker. In most 
cases the authors have expressed their own views—a fact which 
makes the volume a very readable one. Perhaps the reader 
should be warned that in some instances, however, opinions are 
expressed without indication of their controversial nature. 

“Mechanism of Polyreactions” and “Investigation of High 
Polymers by X-Rays” are logically taken up first by H. Mark, who 
has published widely on these topics in other places. The first 
gives the reader the theoretical essentials of the kinetics of the 
reactions leading to the formation of high polymers. The second 
is a review of the x-ray work on chain polymers in which is given a 
discussion of possible chain structures and configurations de- 
duced largely from fiber periods. 

E. O. Kraemer gives in Section III a valuable, conserva- 
tive treatment of the “Colloidal Behavior of Organic Macro- 
molecular Materials,’’ in which are summarized the theory and 
results from diffusion and viscosity measurements. He reviews, 
likewise, in Section IV the contributions of the ‘‘ultra centrifuge” 
to our knowledge of protein and nonprotein macromolecules. 

“Elastic-viscous Properties of Matter,” by Tobolsky, Powell, 
and Eyring is an excellent summary of the theoretical work on 
this general subject by Eyring and his associates at Princeton. 
The treatment is decidedly mathematical. Nevertheless, the 
method provides a powerful means of approach to many polymer 
problems and merits careful study by those interested in deforma- 
tion phenomena. 

R. M. Fuoss presents in Section VI, under ‘Electrical Proper- 
ties of High Polymers,’’ an understandable treatment of polymers 
from the electrical point of view. The meanings of the terms 
employed in this special field are given, as well as an interpreta- 
tion of the experimental results in terms of polymer structure. 

C. S. Marvel ably reviews the “Organic Chemistry of Vinyl 
Polymers” in Section VII. The organic evidence on polymer 
structure is considered in detail. Particular attention is given 
to the arrangement of substituents along the chain molecules 
and, in the case of copolymers, to the composition of the individ- 
ual macromolecules present. 

The final section on ‘‘Cellulose and Cellulose Derivatives,” by 
Emil Ott, compresses into about 60 pages the major recent find- 
ings on cellulose and its derivatives. This includes a valuable 
résumé on the influence of substituents on the physical proper- 
ties. 

Critical readers will find points of variance with the authors 
as is to be expected when an attempt is made, as in this book, 
to integrate information on the fringes of science. Neverthe- 
less the volume accomplishes in a commendable manner its ob- 
ject of providing the specialist in polymer chemistry with ready 
facts in several branches of the subject and should have wide 
appeal to workers in this field. CALVIN S. FULLER 


BELL TELEPHONE LABORATORIES 
New York, New York 


James Stokley. Ives Wash- 
35 figs. 14.5 X 22 


SCIENCE REMAKES OuR WORLD. 
burn, New York, 1942. xiii + 299 pp. 
cm. $3.50. 


This book is an attractively written review of the part which 
science and technology have played in making the world of to- 
day what it is. The subjects covered include explosives, fuel, 
plastics (including textiles and elastomers), drugs, vitamins, 
light metals, glass, aviation, electronics, light, photography, arti- 
ficial radioactivity, and power. It is intended for the completely 
nontechnical reader, and introduces each subject with a survey of 
the historical high lights in its development. This historical 
part occupies almost as much space as the description of the 
present state of affairs. It is such a marked feature of the book 
that one feels that the title would be more informative if it read, 
“‘Science Remakes Our Grandfathers’ World.” 

In reviewing such a book as this, a chemist always finds more to 
criticize in the chemical sections than in those in which he him- 
self is a lay reader. On pages 13 and 14 electrolytic hydrogen 
only is mentioned in the synthesis of ammonia, and the Haber 
process is made to include its oxidation to nitric acid. On page 
15 glycerin is stated to be used in soap-making. No mention is 
made of its being a by-product in that industry. And nitrogly- 
cerin is said to be mixed with gelatin to form blasting gelatin. 
“Elastomer’”’ (page 36) is not so defined as to distinguish it from 
“thermoplastic.” It is annoying to see the German spelling 
“‘Chlorin” in several places. On page 64 it is spelled that way, 
and then is spelled correctly in two consecutive sentences. On 
page 66 ‘“‘vinyl chloride’’ is used where the cyanide (acrylonitrile) 
is meant. The discussion of the sulfa drugs (chapter VIII) 
carelessly (or through nice-Nellyism?) omits mention of gonor- 
rhea. 

Specialists in other lines might find as many such errors in other 
sections, but since the book was not written for specialists it is 
probably fairest to judge it by the reviewer’s reaction to the 
nonchemical parts. This was distinctly favorable. In fact, 
even in the chemical sections that was his impression, for the 
flaws noted were quite minor and the general level of achieve- 
ment high. The illustrations are worthy of special commenda- 
tion. Of half- or full-page size, their high technical excellence is 
matched by the quality of the reproduction and their scientific 
interest by their strikingly artistic quality. 

Ewinc C. Scotr 


Sweet BriAR COLLEGE 
Sweet BRIAR, VIRGINIA 


HEAT TREATMENT OF METALs. J. Winning, Dipl. R: T. C., 
Chemical Publishing Company, Inc., Brooklyn, New York, 
1943. 99 pp. 39 figs. 13.5 X 21.5cm. $1.50. 


According to the author the book was written “‘to give a 
condensed (yet fairly complete) logical account of modern heat 
treating methods along with the underlined principles on which 
they are founded.” The chapter headings are: ‘General 
Principles; Furnaces and Equipment; Casehardening; Harden- 
ing Machines; Hardening Carbon and Alloy Steel; Stainless and 
Rustless Steel; Non-Ferrous Alloys; Drawing Up a Programme.” 

In a book of this length the subject must of necessity be treated 
briefly, with the result that there can always be a discussion as to 
what should be included and what should be left out. The 
author has succeeded in bringing out the important aspects of 
the field in a very readable fashion. The work is probably of 
most value to one completely unfamiliar with heat treating. 
It leaves out much detail which must be important to the expert. 
The printing is not the best, and some of the cuts are very in- 
distinct. 

ARTHUR A, VERNON 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 
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RECENT LABORATORY MANUALS: 


1. InrRopucToRY CHEMISTRY FOR THE LABORATORY. A. B. 
Garrett, L. L. Quill, and F. H. Verhoek. Ginn and Com- 
pany, Boston, 1942. viii-+ 240 pp. 67 figs. Perforated 
and punched. 21 X 28cm. $1.60. 

2. LABORATORY MANUAL FOR ELEMENTARY COLLEGE CHEMIS- 
TRY. W. H. Steinbach. Burgess Publishing Company, 
Minneapolis, 1942. x + 158 pp. Planographed. Spiral 
wire binding. 21.5 XK 27.5cm. $1.50. 

3. SEMIMICRO LABORATORY EXERCISES IN GENERAL CHEMISTRY. 
J. A. Burrows, P. Arthur, and O. M. Smith. The Mac- 
millan Company, New York, 1942. xiv + 337 pp. 
Perforated and punched. 35 figs. Spiral wire binding. 
21 X 28cm. $2.50. 

4. AN ELEMENTARY COURSE IN QUALITATIVE ANALYSIS. 
W. L. Evans, J. E. Day, and A. B. Garrett. Ginn and Com- 
pany, Boston, 1942. vi + 240 pp. Ring binding. 20 
figs. 19.8 X 26.5cm. $2.25. 

5. A Snort Course IN QUALITATIVE ANALysIS. F. E. Brown. 
D. Appleton-Century Company, Inc., New York, 1942. 
viii + 367 pp. Perforated and punched. 17.8 X 23 cm. 
$2.60. 

6. THE QUADRI-SERVICE MANUAL OF ORGANIC CHEMISTRY. 
E. F. Degering, under general editorship of H. T. Briscoe. 
Houghton Mifflin Company, Boston, 1942. vii + 221 
pp. Punched. Wire-o binding. 56 figs. 21.5 X 28cm. 
$2.50. 

7. EXPERIMENTS IN ORGANIC CHEMISTRY. 
Blakiston Company, Philadelphia, 1942. 
15.4 X 28cm. $1.35. 


Comparisons among these modern laboratory manuals reveal 
that there is substantial agreement as to the range and types of 
phenomena with which students become acquainted in qualita- 
tive analysis, organic chemistry, and general inorganic chemistry. 
Analysis of the manuals suggests that the differences among 
them are due to the following factors: (1) ability of the groups 
of students for whom the manuals were written; (2) educational 
outcomes to be gained through laboratory experience; (3) pro- 
cedures for guiding the student in the achievement of these out- 
comes; (4) procedures for obtaining evidence of such achieve- 
ment; and (5) the role of the laboratory manual in the total 
learning situation. 

The inclusion of less theory suggests that manuals 2, 4, and 7 
in the three fields were written for students of lower ability. 
Manual 2 does not call for ionic equations; manual 4, although 
providing fairly complicated equations for various tests, avoids 
the Brénsted Theory and seems relatively unsophisticated in 
such statements as: ‘Since atoms, molecules, and ions are an 
important part of the universe, then equilibria for reactions 
between them are important as a part of the equilibrium of the 
universe”; manual 7 empliasizes experiments of the “‘properties” 
type and requires the writing of few equations. 

The educational outcomes held to be desirable are, in most 
cases, given explicit expression in the prefaces. In both manuals 
for qualitative analysis (4 and 5), the usefulness of experience in 
qualitative analysis as an aid to understanding chemical prin- 
ciples through their application to a wide range of situations is 
stressed. Manual 6 emphasizes a theoretical approach to organic 
chemistry. Manual 1 recognizes that “‘the emphasis on teaching 
certain ‘principles’ too often leaves the student unaware of the 
everyday use of chemistry he and his neighbors are making in the 
home and factory, and without an understanding of the daily 
tasks which must be performed in the chemical industries.” 
Manual 3 points out that more and more responsibility for the 
planning of experiments should be accepted by the students as 
they advance during the year. 

Implicit evidence of the purposes of the authors is found in 
the body of the manuals, for it is through such features as the 
organization of the content, the forms of the experiments, the 
kinds of questions asked, and the kinds of responses required of 
the students that the outcomes are achieved. Among the more 
significant pedagogical features of the manuals are: 
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A. An Inductive Approach to Theory. Manual 1 builds up 
theory through a particularly skilful sequence of questions 
designed to lead to integration of previously learned facts, 
explanations, observations, and conclusions. Manual 4 builds 
up the analytical schemes following the systematic collection of 
data on solubility and the study of group, confirmatory, and 
supplementary tests. As in all inductive processes, the student 
may be lost if he does not comprehend the system employed or 
if he does not have the goal clearly in mind; it is not likely 
that the inductive processes in either of these manuals would fail 
to be clear. 

B. Orientation of Students Prior to Their Performance of the 
Experiment. Manuals 1, 2, and 6 provide overviews at the begin- 
ning of each block of experiments. The overviews of the 14 
units in Manual 1 are quite lengthy and are supposed not only to 
prepare the student for the laboratory work but also to “orient 
him in his more detailed recitation and textbook study.”” Man- 
ual 2 contains a paragraph introduction for each of its 33 “‘as- 
signments.’”’ The overviews for the 21 units in Manual 6 em- 
phasize theory and are essential to the understanding of the 
work. Manual 3 makes use of “preparatory questions’ at the 
beginning of each experiment; since each question points a prob- 
lem, the attention of the student is more actively focused on im- 
portant aspects of the experiment. The wisdom of having 
students find out in advance the conclusions supposedly derived 
from experiments may be debatable, but most of the questions 
seem to be legitimate. Manual 7 requires the writing of a sum- 
mary of the procedure to be followed in the preparations experi- 
ments, and calls for the approval of this summary by the instruc- 
tor. 

C. Follow-up of the Experiments. With the exception of 
Manual 1, which integrates interpretations directly with the 
experimental work, all the manuals pose questions following each 
experiment and/or group of experiments. The manuals differ 
in the range and generality of the insights striven for through the 
questions and in the relative proportions of questions in each of 
the following categories: (1) summaries (usually tabular) of 
observations, (2) suggestions of practical applications, (3) classi- 
fications of types of reaction, (4) equations, (5) explanations of the 
reasoning supporting certain operations in the procedure, (6) 
evidence for conclusions stated by the author, (7) evaluation of 
the usefulness or importance of processes illustrated in the labo- 
ratory, (8) suggestions of other methods of carrying out proc- 
esses, (9) identification of factors affecting experimental results, 
(10) commercial uses of processes or substances studied, and 
(11) generalizations of the conclusions. Manual 6 is unique in 
that it casts the questions in the form of a ‘‘self-measuring ob- 
jective test’? which makes use of: (1) true-false statements of 
generalizations, (2) matching of observations with phenomena, 
(8) filling-in of the formulas for the intermediate products in a 
reaction sequence, and (4) multiple choice questions involving 
properties and names of compounds and processes. 

D. Appraisal of the Laboratory Experience. Manuals 2, 4, 5, 
and 7 present the instructor with filled-in observations plus es- 
say-type answers to questions. Manual 1 provides fill-ins only. 
Manual 3 calls for a page of interpretations (5 to 10 questions) 
per experiment; in addition, the student is expected to record a 
large number of observations on a separate page. Manual 6 
calls for a complete.description of the experiments under four 
‘headings, plus the objective tests described above. This manual 
makes use of a “duplicate notebook” system in which the 
student makes a carbon copy of his report as the experiment 
proceeds; the objective of this procedure is to teach students to 
write reports acceptable to industry. There may be argument 
as to whether the habit of honesty in reporting results should 
be acquired by making dishonesty difficult or by assisting the 
student through insight to value honesty as an objective. 

E. Integration of Laboratory Work with Theory. Following 
the usual custom in qualitative analysis, the theory of the course 
is included in Manuals 4 and 5. Manual 6 refers to appropriate 
current literature. Manual 7 makes reference to sections in the 


textbook of the course (WERTHEIM, “Introductory Organic Chem- 
istry’’). 


Manual 3 requires digging the material out of the text 
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before beginning the experiment. The other manuals require 
more or less use of the text to answer questions. As described 
above, the overviews provide some integration of theory with 
practice. 

F. Semi-micro versus Macro Procedures. Manuals 3, 5, and 6 
make use of semimicro procedures. They show commendable 
reserve in avoiding extravagant claims for the midget proced- 
ures. There is no doubt that semimicro procedures are less ex- 
pensive. Whether time is saved and whether students acquire 
better habits of neatness or of keen observation remain to be 
established. When first introduced into a course, the semimicro 
techniques will probably gain more interest and hence improve 
learning through better motivation. There is no educational 
reason for believing on a priori grounds that one procedure 
is better than another, although it may be that in rewriting the 
experiments for semimicro use the authors improve their educa- 
tional effectiveness by virtue of the overhauling. 

In general, the effectiveness of these or any other laboratory 
manuals depends upon the instructor. A laboratory manual 
provides one facet of the laboratory experience; despite the en- 
couraging innovations reported above, the chief purpose of the 
manual is to direct the activity of the student. But it is the 
teacher’s responsibility to make the activity educative. Even 
the most ingenious scheme for reporting experimental results will 
be ineffective if the instructor does not correct and return the 
sheets to the students. The authors of the manuals can go to 
elaborate lengths in presenting the techniques of laboratory 
manipulations, but this effort will be fruitless if the instructor 
does not make sure that the student habitually uses good tech- 
niques. In spite of much thought given by the authors of the 
manuals to motivating the student, it is still necessary for the 
instructor to help the student find a real personal purpose in per- 
forming the experiments, for purposeless activity is not educative. 
The common practice of merely making or posting the state- 
ment, ‘By the end of this week you are expected to have finished 
experiments 12, 13, and 15,” cannot be too strongly condemned. 

To the teacher who is sensitive to the educational outcomes 
necessary for successful living in the present societal milieu, the 
laboratory provides opportunities for learning to work together in 
small groups, for valuing the acceptance of responsibility for 
group progress, for gaining interests of students and giving them 
remedial help, for directing their first-hand experience toward a 
sound philosophy of science and its importance to civilization. 
The laboratory manual is a resource, not arigid truss. In each of 
these manuals there are more experiments than can be performed 
by the average student; why not use the need for selection of ex- 
periments to adapt the course to the interests of the individual 
students? Why not allow the bright students the privilege of 
working out new experiments making use of local products and 
processes? One learns best by teaching. Is there any reason 
why the several experiments on a given principle should not be 
broken up and assigned to volunteers for individual demon- 
strations? Is there any better way to acquire skill in calculat- 
ing normalities and molalities (not to mention desirable attitudes 
of group responsibility and parsimony) than to have the problem 
of keeping the solution bottles filled? And if this takes too 
much time away from experiments is it not evidence that the 
skill is insufficiently developed? How is it possible to expect 
students to learn to devise experiments if their entire experience 
is that of following detailed instructions? 
some of the laboratory time for planning experiments in class 
discussion? Is there any better way to make previously learned 
theories function and to diagnose blind spots and weaknesses 
which may be corrected later? If the discussion is carefully 
planned in advance there is evidence to show that the students 
will be able to do as much or more work in the remaining time as 
they could do in the entire period, and that the enriched dis- 
cussion experience results in the development of desirable out- 


comes too often overlooked. 
HERBERT A. THELEN 
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CHEMISTRY IN HEALTH AND Disease. Harry C. Biddle, Lecturer 
in Chemistry, Western Reserve University, and St. Luke’s 
Hospital, Cleveland, Ohio Second Edition. F. A. Davis 
Company, Philadelphia, 1942. xiv + 718 pp. 213 figs. + 
tables. 16 X 22 cm. $3.50. 


In the days when titles were lengthy but lucid this book would 
have been called “Inclusive and Compressed Compendium of 
Theoretical and Applied Chemistries for Nurses.’”’ It is a com- 
bined text, handbook, and laboratory notebook, divided formally 
into five parts: I. Inorganic Chemistry; II. Organic Chem- 
istry; III. Biochemistry; IV. Appendix; V. Laboratory 
Chemistry. A Laboratory Appendix and an Index complete 
the volume. However, so great is the compression of knowledge 
here, that some organic and biochemical material is inserted in 
the first chapter of Part I, as well as throughout the book. The 
author’s avowed reason for this crowding-in of biochemical 
illustrations is to stimulate interest and critical thinking. The 
acme of “‘force-feeding” of learning is found in Chapter II, which 
is intended to be covered in a single assignment of two hours of 
recitation and two hours of laboratory, but takes up the atomic 
theory, symbols, the electron theory, valence, formulas, and 
equations. 

The wealth of material and teaching aids herein compiled is 
amazing, and will be of some help to any student or teacher of 
chemistry. Mr. Biddle has inserted for each of the twenty 
chapters helpful printer’s ‘‘boxes” giving both a review of pre- 
vious material as well as a preview of what is to come, frequent 
groups of self-testing questions, and many summary-tables. The 
student is urged in specific instances to correlate chemistry with 
other subjects being studied, such as physiology and materia 
medica. At the end of each chapter is a ‘‘Suggested Activities” 
section comprising thought-provoking questions, a list of new 
terms, topics for reports, and suggestions for posters and exhibits. 
A glossary of review definitions concludes each of the first three 
major parts of the text. 

The figures are well selected and well reproduced. Each hasa 
leading question as part of its title. This feature drives home 
the meaning of the picture or diagram, especially for photo- 
graphs of hospital equipment. Both the Arrhenius and Bronsted 
concepts of acids and bases are presented, but only the Bohr 
model of the atom, and the older form of the periodic table. 
Throughout this book the author has shown wisdom not only by 
including material of value to nurses, but by omitting irrelevant 
aspects of chemistry, such as its industrial, metallurgical, and 
organic synthetical details. More space is thus left for the 
study of the nutritional, medical, and diagnostic phases. The 
laboratory exercises begin with the burning of magnesium ribbon, 
and climax with a complete basal metabolism test. 

Only two errors are evident so far. On page 24, reference is 
made to a table of atomic weights inside the back cover. Said 
table is missing. On page 309 there is shown a peroxide structure 
of a molecule of partially oxidized fat, in which there is mys- 
teriously inserted a trivalent carbon atom in place of a simple 
bond line. 

The printing and binding are excellent, on heavy gloss paper, 
and the red cover does not lose its color when wet with water or 
70% alcohol, the two liquids most likely to be spilled on it in a 
hospital laboratory. 

Davip LYMAN DAVIDSON 


MIDDLESEX UNIVERSITY 
WALTHAM, MASSACHUSETTS 


ALLIED’S Rapio Data HANDBOOK. Edited by Lieut. Nelson M. 
Cooke, United States Navy, U. S. Naval Research Laboratory, 
Washington, D. C. Published by Allied Radio Corporation, 
Chicago, 1943. 48 pp. 15 X 23cm. 25cents. 

A comprehensive, condensed handbook of formulas, charts, 
and data most commonly used in the field of radio and electronics. 
All subjects are clearly presented and conveniently arranged and 
cross-indexed for ready reference. 
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AYTHOUGH I have considerable sympathy with 

the point of view expressed by Dr. Hauser else- 
where in this issue, I cannot allow all its implications 
to pass unchallenged. Admittédly, there is some- 
thing wrong with the way we teach high-school chem- 
istry—all our chemistry, in fact. After all, there 
isn’t much in the world which is completely and ever- 
lastingly right. Were it not so the world would be a 
boresome place in which to live, and there would be 
so little for us to do. 

So many of our youngsters are exposed to chemistry 
without having successful inoculations; ergo, let us 
make the injection more effective. Of course. 
Nevertheless, there will always be the unsuccessful 
ones. If it is possible for everyone to complete an 
assignment or do a problem, it cannot be very much 
worth doing. But this should not dissuade us from 
trying to reduce our percentage of failure; otherwise, 
why are we talking about all this? 

Dr. Hauser’s objection to our elementary chemistry 
teaching is that it is too “cream puffy.’’ Students are 
being fed the sugar and froth of the subject, rather 
than the meat and good vegetables. He claims that, 
in consequence, they are not only undernourished but 
they actually sicken of the sweet filling. Coming from 
a man of as sound scientific attainments as he, and one 
who has shown himself really interested in the problems 
of chemical education, the criticism deserves serious 
consideration. This is by no means the first time it 
has been made. 

It is possible that he is thinking only of high-school 
chemistry, and is not concerned about the large propor- 
tion of boys and girls who have not the mental capacity, 
the intellectual urge, or the economic means to go on 
to college. But since none of these factors seems to 
come into the problem it is more likely that his view 
applies to all elementary chemistry teaching and 
includes our college courses. The question then be- 
comes: Supposing a student is having his first—and 
perhaps his only—formal contact with the subject, 
what impressions should he carry away from his 
course? Who of us, after all, has not asked himself 
that question? 

I confess that, like most college teachers, I would 
like to feel that high-school and college chemistry are 
quite different; it would be very convenient if students 
could come to college prepared in the factual back- 
ground of chemistry, knowing the language of the 
subject and the purely descriptive behavior of the 
principal elements and compounds. With such a 
preparation one could proceed to establish general 
relations and a comprehensive theory. Some teachers 
might think that much of the drudgery of the subject 
would be thus avoided. But I know that this is un- 
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likely if not impossible, for the high-school teacher’s 
problem is, to a large extent, the same as mine. And, 
in any event, we are considering principally the student 
who is to have but one dose of chemistry, in high school 
or college. 

I doubt if it is possible, even if desirable, in this day 
and age to teach elementary chemistry without some 
use of ‘electron theory,” as is urged. We would not 
think of discussing transportation in terms of horses, 
streetcars, trains, and automobiles, leaving out air- 
planes because they are recent comers and therefore, 
presumably, more complicated and mysterious. They’re 
here; the question is what we are going to do about 
them, not whether we will recognize them. 

We oldsters shudder at the thought of flying a plane, 
perhaps, as well as explaining chemical reactions in 
terms of electrons, but maybe that is just because we 
were born too late. At least, youngsters are being 
taught about planes now before they are legally old 
enough to drive an automobile. 

The old conceptions are not necessarily simpler 
than the new. Most elementary students can give a 
better explanation of the operation of the mass spectro- 
graph than of Cannizzaro’s method of determining 
atomic weights, which has been standard in the older 
textbooks for a couple of generations. 

And don’t think that students aren’t just as super- 
ficial in their absorption of the good old-fashioned 
“fundamentals” as they are of electron theory and 
crystal structure. Try and see how many there are 
in a well-taught class who can give you a clear, un- 
ambiguous conception (not a mere definition) of the 
law of multiple proportions. ‘ 

To the objection that students have no rigorous 
understanding of the newer ‘“‘frostings’’ it may be 
answered that the same was largely true of many of 
us when we devoured the hard crusts. How many of 
us understood all the intricacies in the determination 
of the function 7 when we used the handy ‘‘degree of 
ionization?”’ Much more useful and as rigorous con- 
ceptions of “‘activity” and of ‘ionic association” can 
be developed without recourse to partial molal free 
energies or the Debye-Hiickel-Onsager equation. 

And as for what is fundamental, that is a question 
of opinion and method of approach. To some of us 
the results of x-ray crystal analysis will be just as 
essential in presenting an adequate picture of chemical 
behavior as the law of equivalent weights, not for any 
theoretical reason but because we think the facts 
revealed are of vital significance. 

Elementary chemistry is general chemistry and every 
one-year student has a right to a glimpse, at least, of 
the world as the chemist sees it today; not as Robert 

(Continued on page 478) 
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Electronic ‘‘Chemist”’ to Speed Gasoline and Synthetic Rubber Production 


N ELECTRONIC device, the ‘‘mass spectrometer,” will soon 
accelerate wartime chemical research by freeing hundreds 
of highly skilled chemists from tedious but important production 
testing in synthetic rubber plants. This instrument is faster 
and more accurate than a dozen top-notch chemists. It is a 
valuable laboratory tool for scientists seeking more powerful gaso- 
lines, new plastics, and improved synthetic rubber. An aver- 
age college student can be taught to operate the spectrometer in a 
few weeks. 

As developed at the Westinghouse Research Laboratories, the 
electronic ‘‘chemist” swiftly and precisely analyzes many of the 
complicated gases formed in making butadiene, the principal 
ingredient of several types of synthetic rubber. In 15 minutes 
this spectrometer will dissect a complicated gas molecule a 





twenty-five-millionth of an inch long and can be arranged to 
produce automatically an autograph that tells the chemist the 
composition of the gas. 

At present, certain analyses require from 15 hours to three 
days of painstaking laboratory work by five to ten skilled chem- 
ists. Others cannot be done at all even by other processes. 
Results attained by these tedious methods are much less ac- 
curate than the molecular “portrait”? that comes out of the 
spectrometer. ~ 

Leading research men of five major oil and chemical companies 
worked for more than six months to make the instrument prac- 
tical for use in oil refineries, butadiene plants, and other chemical 
industries. 

Butadiene molecules are carefully built up from carbon and 
hydrogen atoms according to definite chemical patterns, much as 
a tile-setter selects colored blocks to form a design on a floor. 
As the molecule is being put together in a butadiene plant, its 
composition must be checked at intervals to make certain that 
the chemical pattern is being followed. 

Present methods of determining the molecular structure are so 
slow that a batch of butadiene has often gone through the various 
treatments of the process before the analysis is completed. If 
there is an error in the molecular design, the butadiene will make 
a poor quality synthetic rubber. Sometimes a batch of butadiene 
has to be reprocessed, causing lost production time. 

The spectrometer is housed in a cube-shaped cabinet five feet 
high. Its key part is a yard-long glass vacuum tube shaped into 
a quarter-circle. This tube, lined with metal, is fixed between 
the poles of an electromagnet. 

Molecules of the gas being analyzed are given an electrical 
charge at one end of the tube and are shot toward the other end 
at a speed of approximately a million feet a second by high volt- 
age electricity. The electromagnet pulls at these speeding 
molecules so that only those having a certain mass, or weight, 
travel down the center of the tube, around the bend and through 
a tiny slit in a metal target at the other end. 

The molecules going through the target are collected on a metal 
plate where they give up their charges. Then the charges are 
amplified and counted by electric meters that indicate how many 
molecules of a certain weight are in the mixture. 

Molecules weighing less than those hitting the target are 
pulled to the metal lining of the tube before they can get around 
the bend. Heavier ones offer more resistance to the electro- 
magnet’s pull and strike the other wall of the tube as they try to 
negotiate the bend. 

The mass spectrometer requires only a thimbleful of gas for 
each test. Butadiene plant chemists now have to draw off a 
bucketful of gas for the involved laboratory procedure of break- 
ing down the mixture by ‘“‘fractionating”’ or distilling. 


The United States is starting to produce corundum domestically for the first time 
since the last war. A new deposit has been opened up in South Carolina, which con- 
sists of three veins of the mineral. The quality closely approximates that of the best 
African corundum. It is used principally as an abrasive, being the chief constituent 
in grinding wheels for tools and lenses and as dust for polishing metal and glass surfaces. 
It has been estimated that the supply available in the new operation may amount to as 
much as a quarter of our total current consumption. 
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A Chapter of the History of Chemistry in Vienna 


Adolf Lieben, 1836-1914; Zdenko Hans Skraup, 1850-1910 
MORITZ KOHN 


Formerly Professor of Organic Chemistry in the University of Vienna 


HE DEVELOPMENT of chemistry in Vienna 

owes much to Lieben and Skraup. Even during 
their lifetimes they acquired reputations as outstanding 
organic chemists, and this judgment of their contem- 
poraries has been verified with the passage of the years. 
Their careers were interrelated and consequently it 
seems advisable to consider both of them in this paper. 

Adolf Lieben was born in Vienna on December 3, 
1836. His parents were well to do and provided their 
son with every educational advantage. When only 
20, he took his doctorate at Heidelberg under Bunsen. 
He then went to study with Wurtz at Paris, being at- 
tracted by the latter’s successes, such as the discovery 
of methylamine (1849) and ethylene glycol (1856). On 
the recommendation of Wurtz, the young Austrian 
chemist, only 27, was called to Palermo as successor to 
Cannizzaro. In 1867 Lieben was appointed to the 
chair of chemistry at Turin; in 1871 he received a call 
to the German University at Prague. Four years 
later he made his last academic transfer; he was named 
successor to Rochleder at the University of Vienna. 

Austrian themistry, up to that time, had been prin- 
cipally devoted to studies of compounds derived from 
vegetable sources. Rochleder, and particularly the 
more famous Hlasiwetz, had been very active in this 
line. The latter had made two discoveries of consider- 
able consequence: phloroglucinol (1855) and, in col- 
laboration with Barth, resorcinol (1864). 

The modern doctrine of the structure of aliphatic 
compounds was really introduced into Austria by 
Lieben. During his Italian years his excellent scien- 
tific capabilities and his very human qualities had 
brought him an excellent reputation. The municipal- 
ity of Turin continued to have its drinking water tested 
in Lieben’s Vienna laboratory. During his professor- 
ship in Turin he published (1870) his iodoform reaction, 
a delicate and reliable test for alcohol and acetone. It 
is still widely used by chemists and physiologists for 

0 


detecting compounds that contain CH3;C— linked to 
hydrogen or carbon, or structures that are oxidized to 
this arrangement by treatment with iodine and potas- 
sium hydroxide. Also at Turin, and in collaboration 
with Rossi, Lieben made his valuable and systematic 
studies of the synthesis of aliphatic alcohols. These in- 
vestigations were continued in Vienna, where, in col- 
laboration with Janecek, he synthesized m-primary 
hexyl alcohol (CH3(CH2)<CH2OH) and m-oenanthylic 
acid (CH;(CH2)s;COOH). 


In 1877, with Zeisel, Lieben started his extended 
studies of the condensation products of aldehydes and 
their derivatives, particularly the unsaturated alde- 
hydes, such as crotonaldehyde and its homologs. In 
continuation of these researches he and many coworkers 
studied the aldols. The first representative of this 
group, acetaldol (CH;CH2zOHCH2:CHO), had been dis- 
covered by Wurtz in 1872. Lieben described an im- 
proved method for preparing this compound and its 
homologs and successfully investigated the reduction 
of aldols to 1,3-diols (8-glycols) and the oxidation of 
aldols to B-hydroxy acids. The technical importance 
of acetaldol is now appreciated. Acetaldehyde is pre- 
pared on a commercial scale from acetylene, and is 
then transformed to aldol, which on reduction yields 
butylene glycol (CH;CHOHCH:20H). The latter can 
be used for the technical preparation of butadiene 
(CH=CH -CH==CH:) which is now so vital in the 
manufacture of synthetic rubber. 

Some of the findings of his work on chelidonic acid 
are worth special mention. He and Haitinger, 1884- 
1885, showed that chelidonic acid (C;H,O.) which 
occurs in chelidonium majus (celandine, a member of 
the poppy family), is decomposed by alkali into two 
mols of oxalic acid and one of acetone 


C,H,0O; + 3H.0 => 2H2C.0, aa CH;COCH:;. 


Complete reduction of chelidonic acid yields n-pimelic 
acid, COOH(CH2);COOH. With ammonia, chelidonic 
acid produces ammono-chelidonic acid (hydroxypyri- 
dinedicarboxylic acid), which, in turn, when heated with 
zine dust, yields hydroxypyridine and eventually pyri- 
dine. 
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On the basis of these findings, Lieben and Haitinger 
assigned to chelidonic acid the structure 


i 


eo 
COOH—C C—COOH 
> 


namely, y-pyrone dicarboxylic acid. They introduced 
the name pyrone for 


O 


ne bn 
ar 
Oo 


and this term has now been adopted officially, sup- 
planting the earlier name pyrokoman. Lerch, in 
Prague, was also working on chelidonic acid, but he 
did not succeed in elucidating its structure. The fore- 
going structure was verified by Claisen in 1891.! He 
condensed acetone with diethyl oxalate to produce 
the diethyl ester of xantho-chelidonic acid, whose tau- 
tomeric form loses water and is transformed into the 
diethyl ester of chelidonic acid: 


EACOCOOGH, —/CH=C(OH)COOGHs 
é=0 ic tud 
\cH:cocooc.Hs 9\CH=C(OH)COOC;CH; 
COOC.H; 
H 
C= 
— H0-O=m¢ 
heim 
| 
COOC.H, 


Simon Zeisel, who was Lieben’s coworker in the 
study of the condensation of aldehydes, appreciated 
the need for a method of determining methoxy groups, 
since the constituents of plants are particularly rich in 
methoxy compounds. He solved the pioblem in a 
simple and elegant way by boiling the substance with 
hydriodic acid. The ether linkage is split: 


ROCH; + HI = ROH + CHI 


The resulting methyl iodide is swept from the reaction 
flask into an alcoholic solution of silver nitrate. The 
precipitate is collected and weighed; one mol of AgI is 
equivalent to one mol of CH;0. This ‘‘Zeisel’’ method, 
which came from Lieben’s laboratory in 1885, has 
proved to be a boon to many of the chemical frater- 
nity. 

Other extremely interesting publications of this labo- 
ratory were those of the young Carl Auer von Wels- 
bach, who, like Lieben, had done his doctorate work 
with Bunsen. The ideas which he wished to study had 


1 CLarsen, Ber., 24, 119 (1891). 
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been brought with him from Heidelberg. Though 
Lieben was primarily an organic chemist, he received 
Auer most kindly and lent him every possible aid in 
the prosecution of his inorganic problems. When the 
results were published in 1884 and 1885, the young 
man expressed his sincere appreciation for the valuable 
aid given him by Lieben and Zeisel. The findings had 
led Auer to an invention that won him world-wide 
acclaim, namely, the incandescent gas mantle. The 
first patent was taken out in 1886, covering the use of 
thoria. Later Auer made the important discovery that 
the addition of a small proportion of ceria aided greatly 
in the emission of light. Ludwig Haitinger, whose 
collaboration with Lieben on the chelidonic acid prob- 
lem has been mentioned, became manager of Auer’s 
factory at Atzgersdorf near Vienna. Auer always gave 
him a share of the credit for translating the laboratory 
work into successful technical practice. 

Lieben retired from his professorship in July, 1906. 
The following autumn his seventieth birthday and 
golden doctorate jubilee were made the occasion of an 
impressive celebration. The ceremony was held in the 
great lecture hall of the chemical laboratory. Zeisel 
acted as spokesman and presented the revered chief 
with a ‘Festschrift.’ This large volume? contained 
contributions by chemists, physicists, and physiologists. 
Among the foreign contributors were Werner (Ziirich), 
Willstatter (Munich), Ciamician (Bologna), Moissan 
(Paris), and Goldschmidt (Oslo). Skraup, who had 
been appointed successor to Lieben, made the principal 
address. He pointed out that although Lieben’s pub- 
lications were fewer in number than those of many 
other chemists, none the less their influence had been 
far greater. Although he often worked with small, 
sometimes minute quantities, all of his results are of the 
highest reliability. Another characteristic was his 
refusal to publish results until one proof had been sup- 
ported by another. Skraup continued and pointed 
out, with personal gratitude, that Lieben had invited 
many young men to work with him, but he never pre- 
vented those who had independent ideas from carrying 
them out. Consequently Lieben thus contributed to 
the development of fields which he personally did not 
till. 

The great annual meeting of German natural scien- 
tists and physicians was held at Vienna in 1913. The 
high light was Emil Fischer’s lecture on his investiga- 
tions of depsides and tannins. In his hospitable and 
distinguished home Lieben gathered the more prominent 
foreign delegates, and entertained them and his Austrian 
chemical associates at a great dinner. Lieben died on 
June 6, 1914. 

Zdenko Hans Skraup was born at Prague on March 
3, 1850. After completing the course at the Technical 
University there, he went to Vienna and secured a post 
at the Mint. Later he became Rochleder’s assistant 
and continued in this capacity under Lieben. In 1887 


2 “Festschrift Adolf Lieben zur Feier des siebzigsten Geburts- 
stages und des goldenen Doktorjubilaums gewidmet von Frem- 
den, Schiilern, und Verehrern,’’ Verlag von Winter in Heidel- 
berg, 1906. 
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he was called to the chair of chemistry at Graz, where 
he remained until October, 1906, when he succeeded 
Lieben at the University of Vienna. Unfortunately 
this period lasted only four years. This life, so rich in 
scientific accomplishment, came to a sudden close on 
September 10, 1910. 

Skraup’s investigative activity had its origins in 
Rochleder. They collaborated on studies of the quino- 
line alkaloid, cinchonine. When Lieben came to 
Vienna he suggested the iron cyanide compounds as a 
promising field, but he did not hinder Skraup in his 
wish to elaborate the ideas he had picked up from 
Rochleder. This seed was to yield a bounteous harvest 
in the hands of the highly talented young chemist. 
Skraup published his first paper on cinchonine in 1878. 
These studies on the quinoline alkaloids were continued 
both in Vienna and at Graz. The results, together with 
those obtained independently by K6nigs in Munich, 
completely elucidated the structure of this class of 
compounds. 

The name Skraup is indissolubly linked with the 
synthesis of quinoline. Prudhomme had described the 
dye alizarin blue in 1877. It is obtained by heating 
nitro-alizarin with glycerol and sulfuric acid. Three 
years later, Graebe determined the structure of alizarin 
blue. He proved that glycerol forms a new pyridine 
pie and consequently the reaction proceeds: 
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After reading Graebe’s publication® Skraup concluded 
that quinoline should be produced when nitrobenzene 
reacts with glycerol and sulfuric acid. As early as 1842 
quinoline had been produced by Gerhardt, by the ac- 
tion of a caustic alkali on cinchonine, a compound that 
intensely interested Skraup. 

Actual trials showed that Skraup’s prognosis was 
correct. Although not more than traces of quinoline 
resulted when he heated a mixture of nitrobenzene, 
glycerol, and sulfuric acid, success was achieved when 
aniline was included in the reaction mixture. Skraup 
told the author that these experiments were carried out 
in one night; he did not go to bed, but at once wrote up 
the report. On April 8, 1880, Lieben proudly presented 
from his laboratory to the Academy of Sciences the 
memorable preliminary communication: ‘‘A synthesis 
of quinoline,” by Zd. H. Skraup. With his priority 


3 GRAEBE, Ann., 201, 333 (1880). 
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thus assured, Skraup was free to elaborate this field 
at a reasonable pace. 

The sphere of application of this synthesis has proved 
to be most extensive. It can be applied to starting 
materials such as substitution products of aromatic 
amines, including homologs of aniline, nitranilines, 
aminophenols, naphthylamines, diamino-benzenes, etc. 
The structures of a good many compounds stemming 
from quinoline or pyridine have been unraveled with 
its aid. 

Lieben survived Skraup by almost four years. After 
Skraup’s sudden and premature death, it waS the older 
man’s sad duty to deliver the commemorative address 
in honor of his successor and former assistant. It was 
a touching occasion. The closing statement, ‘‘By his 
achievements Skraup made it impossible ever to be 
forgotten,’ holds equally for Lieben. 

Monuments to these outstanding organic chemists 
were erected at the University of Vienna. However, a 
better memorial is found in their publications and in the 
widespread influence they exerted through their stu- 
dents and associates. Boltzmann, the great Austrian 
physicist, once said, ‘‘Many scientific laborers are only 
carrying bricks which disappear in the massive edi- 
fice.’’ But the achievements of Lieben and Skraup are 
proud corner pillars in the huge structure of modern 
organic chemistry; they can be seen from afar. 


About 40,000 enemy patents and patent applications are held by the Alien Property 
Custodian and are available for license immediately, not only by the large industries 


but also by small war plants. 








The Rise and Development of Chemistry 
in the Argentine Republic 


VICTOR ARREGUINE* 
University of Cordoba, Cordoba, R. A. 


HE DEVELOPMENT of chemistry in Argentina 

is a relatively recent event; little more than a cen- 
tury has elapsed since the permanent foundations were 
laid. The history may be divided into two distinct 
periods. The first covers the initiation of instruction 
related to chemistry and its allied branches, such as 
pharmacy. The second period, of much later date, em- 
braces the development of chemical industries. Both 
of these growths are linked directly to other movements 
and are related to different events. The first period 
was influenced by the institutional developments of the 
nation, the second resulted from the potential economic 
strength of the country. Both had an uncertain be- 
ginning, but they were favored by the existence of cul- 
tural centers at Buenos Aires and Cordoba. At the end 
of the 19th century these two cities were the only ones 
possessing universities. 

During the long colonial period, the commercial re- 
strictions imposed by the mother country (Spain) per- 
mitted the countries of the Plata basin very little eco- 
nomic progress and growth; they were obliged to trade 
exclusively with her through faraway custom houses. 
The wealth of these countries at that time was concen- 
trated almost entirely in the cattle industry; the de- 
velopment of agriculture only began after the fall of the 
dictator-tyrant Rozas in 1853. 

Nonetheless, despite the unfavorable circumstances, 
Fernando de Trejo y Sanabria in 1614 founded the 
University of Cordoba, and Doctor Duarte Quiros 
started the Real Colegio Convictorio de Nuestra 
Sefiora de Montserrat in 1695. Likewise, the able and 
progressive Viceroy Vértiz, in 1778, established the 
Real Colegio de San Carlos at Buenos Aires. The first 
instruction in chemistry and physics was given in this 
school. 

All of the nation’s energies were absorbed for half a 
century in the war of independence and in civil wars. 
This chaotic period closed with the battle of Caseros in 
1852. In the midst of this storm and stress, President 
Rivadavia in 1821 founded the University of Buenos 
Aires, which included the first professorship of pure 
chemistry. 

The origin and rudimentary development of chem- 
istry in Spanish-speaking America was an outgrowth of 
the therapeutic needs of the Spanish conquerors. It 
followed the usual lines of early pharmacology: it was 
filled with the crass empiricism that prevailed during 
the 17th and 18th centuries, it was tinged with alchemy, 





* The Spanish manuscript was translated into English by 
Albert Rodriquez and then edited by Ralph E. Oesper. 


it was mainly entrusted to the hands of monks, whose 
chronicles make up the chief records that have come 
down to our age. 

The first chair of applied chemistry was created in 
1802 by Viceroy Vértiz. The incumbent was Cosme 
Argerich who had studied at Cervera. He, like his 
father, was a physician; his course is described as 
“vast and complicated.’”’ It did not prosper; de Pino, 
who had succeeded Vértiz, did not approve of the way 
the course was developing and ordered its suppression. 
Rivadavia reinstated this subject as part of the curricu- 
lum in 1823, and Manuel Moreno, brother of the il- 
lustrious scholar and patriot, was given the appoint- 
ment, 

Dr. Manuel Moreno was intimately linked with the 
cultural circles of the United States; this is an instance 
of the degree of understanding and solidarity that 
existed among the people of the Western Hemisphere a 
century ago. He accompanied his brother Mariono 
when the latter was sent on diplomatic mission by the 
Revolutionary Council to negotiate at the British court 
for the recognition of the independence of the provinces 
of La Plata. However, Mariono died at sea before 
reaching England. Later, Manuel Moreno came to 
the United States, studied medicine, and graduated 
from the University of Maryland. He became a mem- 
ber of the American Academy of Arts and Science at 
Boston and also of the Historical Society of Massa- 
chusetts.! 

During this period, the study of natural science and 
physics and chemistry received considerable impetus in 
the Argentine Republic. Prime movers in this upgrowth 
were such men as the botanist A. J. A. Bonpland (von 
Humboldt’s associate) and the Italian physicist O. F. 
Mossotti. However, the enthusiasm was short lived, 
and not much was done until the country was definitely 
organized by Urquiza in 1853. The very next year, 
Miguel Puigari with Per6én and Albarellos was en- 
trusted with the chair of chemistry that had been left 
vacant by Moreno in 1828. The chemist, Domingo 
Parodi, who was born in Italy, belongs in this period. 
He is particularly remembered for his studies of the 
native flora. 

The first railroads were built in 1857; agricultural 
colonies were started in 1854. However, it was not until 
about 1870 that the country began really to progress. 
Two illustrious men tried to vitalize the cultural at- 





1 Zappi, ‘‘Bosquejo sobre el desarrollo histérico de los cono- 


cimientos quimicos en la Reptiblica Argentina’ (Sketches of 
the historical development of chemical knowledge in the Argen- 
tine Republic). 
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mosphere of the Argentinian universities. The first, 
President Sarmiento, who had visited the United 
States, sought the expert advice of Hermann Bur- 
meister, the German naturalist, in the selection of a 
faculty. There were thus gathered at Cordoba such 
men as Lorentz, Hieronymus, and Kurtz (botanists), 
Sierverts, Déring, and Harperath (chemists), Boden- 
bender (geologist), and Carlos Berg (naturalist). Like- 
wise, Juan Maria Gutiérrez, Dean of the University 
of Buenos Aires, laid the foundation of the now well- 
known Facultad de Ingeneria by securing the services 
of Speluzzi, Stroebel, and Emilio Rossetti. 

The real leaders in the teaching of chemistry at that 
time were John J. Kyle, whose austere personality 
acquires greater fame as the years pass by, and Pedro 
N. Arate, whose patriarch-like figure and cultured 
spirit are still cherished memories among Argentinian 
chemists. Herrero Ducloux, in wonderful style, has 
written the story of these lives, that of Kyle by request 
of the Argentine Chemical Society,? that of Arata as a 
tribute from a pupil to his teacher.* 

Kyle was born at Stirling (Scotland) in 1838. He 
came to the Plata while still a young man, but with his 
personality well molded. He had studied chemistry in 
the Medical School at Edinburgh and later was the 
head of a laboratory in Glasgow. Argentina was at 
war with Paraguay when he arrived; the young 
foreigner joined the troops and took part in the battles 
of Tuyuti and Boqueron (1866). In 1872 he graduated 
as a pharmacist and from then on was very active in 
chemical affairs. He was appointed professor of chem- 
istry in thé University and also in the National College 
of Buenos Aires. As councillor and academician in the 
Universities of Cordoba and Buenos Aires he exerted 
notable influence; he was the founder of the Anales 
Cientificos Argentinos, etc. 

Arata was born at Buenos Aires in October, 1849. 
Though he was trained in medicine, his real activities 
were in chemistry. He was an illustrious, fair-minded, 
and irreplaceable teacher. Together with Huergo, 
White, Francisco Moreno, Puigari, and others he 
founded the Sociedad Cientifica Argentina. The gov- 
ernment constantly consulted him on all sorts of chemi- 
cal questions. He inspired such respect and his opinions 
were so highly valued, that his biographer is justified 
in stating that Arata was the ‘‘Pontiff of Chemistry” 
of his time. 

Both Arata and Kyle were prolific writers. Their 
books and papers form the beginning of the Argentinian 
literature on chemistry. It was their initiative and wise 
counsel that directly or indirectly resulted in the es- 
tablishment of many official institutions that produced 
trained chemists in the generations that followed. 

The present period can be considered as starting in 
1897. In that year the “Facultad de Ciencias Exactas 
Fisicas y Naturales’ instituted a curriculum leading to 





— Anales de la sociedad quimica argentina, 7, 166 
1 : 

8 DucLtoux, “Pedro N. Arata, su vida y sus obras,” Revista 
de la facultad de ciencias quimicas de La Plata, 1, 265 (1923). 
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the doctorate in chemistry. The first graduate was 
Enrique Herrero Ducloux. He exerted a tremendous 
influence on the generations of chemists who studied 
under him, not only because of his ability but also be- 
cause of his great culture and his high-minded spirit as 
teacher and philosopher. 

The Schools of Pharmacy, though a part of the uni- 
versity, had little or no contact with the chemical 
faculty, because they were operated and controlled 
within the faculty of medicine. The duplication of 
facilities and dispersion of energy have always been a 
serious matter and, with the exception of the Univer- 
sity of La Plata where the situation was effectively 
managed, have become a decided handicap in the uni- 
versities and colleges, As early as 1870, Carlos Murray, 
president of the Sociedad de Farmacia, in a long and 
cogent report,‘ urged the government to establish an 
independent faculty, where instruction in chemistry 
could be centralized. Too many interests were in- 
volved; the petition was not granted. In 1875 Kyle, 
with dogged persistence, brought up the question again, 
proposing that the Pharmaceutical College be trans- 
ferred from the medical faculty to the faculty of physical 
and natural sciences, which had just been established. 


4 Murray, Revista farmacéutica, 7, 170 (1869). 
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Again the vested interests succeeded in blocking the 
plan, but the fact was clearly established that the prob- 
lem would have to be solved at a not too distant date. 
The record of the memorable meeting, in which Kyle, 
like a Don Quijote, assailed the existing conditions, 
was published in the Revista farmacéutica. It has the 
force of a historical document, as it sets forth clearly 
the arguments advanced for and against the proposal. 

This controversy, which is still unsettled, is by no 
means a purely academic squabble. The situation has 
led to serious evils such as plurality of titles, scattering 
of instructional facilities and talents, and the founding 
of manifold institutions, which have impeded the sci- 
entific progress of the country while increasing its ex- 
penses. It has led to the institution of the biochemistry 
doctorate on the one hand, and of the degree in chemical 
engineering on the other. This, in itself, is perhaps 
defensible, but it has had the unfortunate consequence 
of scattering facilities that might and should have been 
centralized in conformity to a harmonious and well- 
defined plan. Some time in the future, this problem 
will have to be boldly faced and solved in accord with 
the best interests of science and the nation. 

Chemistry is taught in five of the six universities, the 
exception is the youngest school at Cuyo. The Uni- 
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From a painting in possession of the Medical Faculty of Cérdoba, R. A. 
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versity of Buenos Aires has two independent centers of 
chemical instruction. The course leading to the doc- 
torate in chemistry and the industrial engineering course 
are attached to the Facultad de Ciencas Exactas Fisicas 
y Naturales. These courses were established in 1920. 
The School of Pharmacy and the course leading to the 
doctorate in biochemistry (established in 1917) are 
within the Faculty of Medical Sciences. 

The Universities of La Plata and Tucuman have in- 
dependent chemical institutes that are subject to uni- 
versity authority. The former, a model of its kind, has 
a well-deserved reputation for excellence. It has been 
known as the Faculty of Chemistry and Pharmacy 
since 1919, when it was separated from the School of 
Chemistry, founded in 1905 by Dr. E. H. Ducloux. 

The medical faculties at Cordoba and Litoral are the 
governing bodies of the Colleges of Pharmacy and Bio- 
chemistry in these two universities. The University 
of the Litoral, at Santa Fe, has in addition a separate 
Faculty of Industrial Chemistry. 

The industrial evolution of the country began in 
1860, and with it came chemical industries. The more 
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or less rapid mobilization of the great agricultural and 
mineral wealth of the nation got under way. These 
resources had been utilized in a rudimentary fashion 
ever since the colonial period. The export of jerked 
beef (‘‘tasajo”) was begun, cane sugar, “yerba mate,” 
dairy products, wines, etc., came on the market in in- 
creasing quantities. The mineral industries likewise 
began to develop, though in the beginning this business 
was practically confined to mining and exploiting the 
rich beds of pure materials. Thus, in succession, a wide 
variety of profitable enterprises came into being. These 
were later joined by some, whose possibility was not 
even suspected in the early days, such as the traffic 
in petroleum and its kindred products that followed 
the discovery of oil in 1907. 

The packing houses established in 1884 soon com- 
pletely displaced the old salting plants; the first cement 
factory was started in 1872 at Rosario. The production 
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of tannin was begun in the Chaco in 1902; the first 
petroleum refinery was installed in 1913, etc. Thus, a 
step at a time, an industrial period of great prosperity 
came into existence, and Argentina, which only 50 
years before imported even its necessities, now produced 
many of these commodities within its own borders. 

The first industrial census was taken in 1914. This 
gave a clear picture of the tremendous growth that had 
been accomplished, a development that is still continu- 
ing, as can be seen in Table 1. These data are official 
statistics published by the Direccién General de Esta- 
distica de la Nation. 

Typical of the many chemical and related industries 
that are now serving the needs of the nation are: In- 
dustrial Quimicas Duperial; La Farmaco Argentina; 
La Drogueria de la Estrella; La Industria Metallurgica 
y Plastica Argentina; La Cristaleria Rigoleau; Cris- 
talerias Mayboglas; La Hidréfila Argentina; Atanor 


TABLE I 
In Thousands of Argentine Pesos 
Number of Fuel and 
Establish- Wagesand Raw Materials Lubricants Electric Manufactured 
Groups’ of Industries ments Salaries Paid Employed Consumed Power Products Value Added* 
( 1939 53,866 1,062,759 2,998,107 127,776 41,791 5,117,597 1,949,923 
Total of the Republic............ < 1937 49,375 948,242 2,880,831 105,819 36,909 4,709,090 1,685,531 
1935 40,606 737,069 1,964,225 84,145 32,080 3,457,832 1,377,382 
( 1939 13,729 219,019 1,313,573 30,264 10,496 1,739,526 385,193 
Foods, beverages, and tobacco.................. 31937 12,992 199,437 1,350,407 27,057 9,285 1,750,162 363,413 
7 (1935 11,592 171,230 900,005 22,063 8,705 1,271,028 340,255 
( 1939 7,035 160,953 471,658 4,822 7,252 722,401 238,669 
Textiles and kindred products.......... eecal i 6,328 150,814 438,884 4,254 6,392 661,233 211,703 
1935 4,725 115,371 360,421 3,175 4,979 535,523 166,948 
1939 4,931 49,780 78,213 801 1,766 161,577 80,797 
RTT TE CER LCT CT 1937 4,645 42,078 64,775 817 1,625 139,348 72,131 
1935 3,976 29,749 46,508 561 1,375 103,375 54,931 
* 1939 271 12,439 36,208 2,057 2,151 60,028 19,612 
POGNE CATANORTA, COCS 5 o.oicie si cic cca cece sane 1937 252 10,479 29,215 1,652 1,794 48,969 16,308 
1935 214 8,167 18,759 1,169 1,375 33,620 12,317 
1939 2,494 61,022 60,152 264 2,156 191,103 128,531 
Printing GOA MUBMCATONS. << oo sic eke i ceeeee 1 1937 2,369 57,367 52,587 214 2,028 176,610 121,781 
1935 2,194 46,812 39,825 212 1,859 140,496 98,600 
Chemical and pharmaceutical products; oil 1939 1,200 33,416 139,715 3,972 1,822 202,117 56,608 
MIEN Eo lce xtc cscdc re ccs eeceeanenre eee 1937 1,213 30,180 128,654 2,958 1,420 180,454 47,422 
1935 931 22,318 93,567 2,000 1,288 134,420 37,565 
1939 67 11,526 156,909 8,643 385 196,281 30,344 
Petroleum, coal, and kindred products........... 41937 66 9,814 139,268 6,008 326 167,922 22,320 
1935 56 9,067 103,414 8,407 406 133,170 : 20,943 
1939 59 8,699 31,193 697 1,006 47,129 14,233 
 MHIIOAS 655-56 velnak Wea eA ee eeD 1937 57 6,874 27,787 636 885 40,754 11,446 
1935 48 5,200 15,420 440 660 25,631 9,111 
1939 1,377 35,627 90,133 612 987 143,323 51,591 
Hides and leather products.................0008 1937 1,356 30,740 88,746 522 870 133,736 43,598 
1935 1,094 26,293 56,020 396 950 93,021 35,655 
1939 2,991 35,737 45,222 17,849 1,979 124,115 59,065 
Ceramics, glass, clays, and stoneware........... 1937 2,801 29,391 35,724 14,678 1,870 106,199 53,927 
1935 2,262 19,691 23,631 9,963 1,190 78,372 43,588 
1939 4,361 81,049 192,449 5,035 3,408 329,584 128,692 
WRU 5 oc Cccves Gee casts tceutacy aces 1 1937 3,995 71,159 164,391 - 4,712 3,080 287,150 114,967 
1935 3,742 52,718 105,825 3,062 2,568 195,279 83,824 
1939 8,584 125,102 215,799 4,520 4,100 415,516 191,097 
III ois Paes ceaied tc nsaee tne neha veread 1 1937 7,521 110,899 195,002 4,234 3,682 362,244 159,326 
1935 5,049 86,235 105,114 2,542 3,333 229,273 118,284 
1939 946 Ge ——owresees 37,493 yh) eres 
Mbentrienl POWST MIMMIG. o66 cc ccscccecvescvecccce 1937 912 Cre 38,865 -) i ee 
1935 892 Gage *) acecwe 22,761 ieee Ck er oo 
1939 2,746 70,528 109,920 1,914 435 Cr 
Construction companies. .......0.0.sceccsccoce 1 1937 2,237 64,722 116,092 2,343 20 ray ¢ ee 
1935 1,550 32,590 60,641 1,042 224 jo. 1. Sr oe 
1939 307 29,039 3,526 3,916 205 78,429 70,782 
CUA e ae OD CN 6 co's 4 5 Shami RA MeO 1937 218 25,028 1,383 2,851 202 62,021 57,585 
1935 196 22,780 583 3,131 95 65,295 61,485 
1939 2,768 79,475 53,437 4,917 3,643 158,432 96,435 
Miscellaneous......... san cared bnceees nieces 1937 2,413 66,017 47,916 4,018 3,430 138,225 82,861 
1935 2,085 34,492 3,221 3,073 99,800 59,014 





* Difference in value of raw materials and finished products. 


52,367 
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Industrias Quimicas; La Quimica Shering; La Quimica 
Merck; La Quimica Rhodia; Cia. Argentina de Ce- 
mento Portland; Cristalerias Piccardo; Adria Soc. 
Quimica Industrial y Comercial; Williams Quimica y 
Técnica, etc. 

The difficulties with which the universities have had 
to contend because of lack of resources have been 
lightened to a considerable degree by certain govern- 
ment institutions. Some of these assisting and cooper- 
ating agencies have university status, others are en- 
tirely separated from academic control. Among these 
are: The Chemical Institute of the Departamento Na- 
cional de Higiene; the Instituto Bacteriolégico; the 
Instituto de Fisiologia at Buenos Aires and its sister 
institutes at Rosario and Cordoba; the Instituto de 
Investigaciones de Quimica Analitica; the Instituto de 
Microquimica of the University of the Litoral; the In- 
stituto de Farmacologia ‘‘General Julio Roca’; the 
Instituto de Cancer; the Instituto de Nutricién; the 
Oficinas Quimicas Nacionales and the Oficinas Quf- 
micas Municipales, founded by Arata in 1883; the lab- 
oratories of the Obras Saniatarias de la Nacion; the 
Laboratorio de Quimica Bidlogica de la Universidad 
Nacional de Cordoba, etc. Besides these, two relatively 
new foundations have come to fill a real need, as they 
afford help and official encouragement and support to 
the university students, including chemists in training. 
They are the Asociacién Argentina para el Progreso de 
las Ciencas and the Comité Nacional de Cultura. 
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The various groups of professional chemists consti- 
tute the membership of the three most important so- 
cieties. The Asociacié6n Farmacéutica Argentina, the 
oldest, was founded in 1856, as successor to the now ex- 
tinct Sociedad Nacional de Farmacia. The Asociacién 
Quimica Argentina, founded in 1912, has more than 
1000 members. The youngest of these professional so- 
cieties is the Asociacién Bioquimica Argentina. 

Each of these organizations publishes a journal. The 
Revista farmacéutica (Pharmaceutical Review) is spon- 
sored by the Asociaci6n Farmacéutica Argentina. The 
Asociaci6n Quimica Argentina issues two periodicals. 
The Anales de la asociacién quimica argentina is devoted 
to pure chemistry; it is now more than 30 years old. 
Industria y quimica was started in 1935 and is pub- 
lished bimonthly. The Asociaci6n Bioquimica Argen- 
tina also publishes its Anales. 

An attempt has been made to give a sketch of the 
evolution of chemistry in Argentina and to present a 
picture of the present state of affairs. The great dis- 
tances that separate this South American republic from 
the United States and Europe doubtless played a con- 
siderable role in slowing up the development of chem- 
istry in this country which is now progressing rapidly. 
After the war, when, God willing, the world will be or- 
ganized on a more stable and equitable basis, it is to be 
hoped that chemistry and the industries to which it 
gives life will again follow the upward swing that started 
over a century ago in the Argentine. 
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Boyle, Antoine Lavoisier, or Robert Bunsen saw it, 
but as Irving Langmuir, Gilbert Lewis, Roger Adams, 
and Ernst Hauser see it. 

And he will not miss the fact that today’s picture 
is immensely more interesting than yesterday’s. 
Anyone who thinks that students will be bored and 
confused by putting into proper order the electronics 
and subatomics they read about in the science supple- 
ments, while they just eat up the gas laws, the laws of 
definite and multiple proportions, and love to memorize 
the valences of all the elements—well, he just hasn’t 
seen many beginning students. 

And then there is the idea that you shouldn’t present 
a theory until you can present it completely; in other 
words, don’t try to answer any questions until you can 
answer them all. This attitude deprives the student of 
one of the most valuable outcomes of his contact with 
science: the very disturbing fact that you can never 
know the last word. No student should continue in 
science who is going to be disturbed tomorrow by find- 
ing out that what he learned today was not the whole 


truth. If he hasn’t a flexible mind, capable of being 
changed on short notice, he has no business in this field. 

However, we may have wandered somewhat away 
from Dr. Hauser’s main point. In substance, it boils 
down to the admonition to present the facts before the 
theory. And this is something we cannot be told too 
often. Although I do not believe that we can concen- 
trate on the ‘“‘How’’ to the exclusion of the ‘““Why,”’ it 
is nevertheless true that the former should precede the 
latter. This has been pointed out so often that it is 
useless to belabor the point. 

In one respect Dr. Hauser astonishes us: he doesn’t 
believe that high-school students should be taught 
about colloids, presumably because they won't be able 
to understand them. This is astonishing, not because 
most exponents of a speciality urge beginning its inculca- 
tion in the cradle, but because Dr. Hauser has demon- 
strated his ability to do a pretty good job of that which 
he says can’t be done, in “Colloids in your daily life,’’ 
which appeared in our High-School section in Decem- 
ber, 1941. 
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Modern Theory: A Tool 
in Teaching Elementary College Chemistry 


HARRY H. SISLER and CALVIN A. VANDERWERF 


University of Kansas, Lawrence, Kansas 


URING recent years students who have had train- 

ing in such sciences as mathematics and physics, 
and in their practical application in various branches 
of engineering, have shown a growing tendency to 
criticize adversely undergraduate courses in chemistry. 
The chief criticism which is heard is that, in these 
courses, the student is required to memorize a mass of 
more or less interesting and more or less related facts, 
but that insufficient attempt is made to bring out 
broad underlying principles in terms of which the stu- 
dent may evaluate and correlate the facts he has 
learned. The student of better than average in- 
telligence is not to be satisfied by the study of a large 
body of almost purely descriptive data which is ex- 
plained and correlated, if at all, by empirical rules of 
thumb. ; 

A frank appraisal of most of the more recent chemis- 
try texts, which presum#bly are in line with the sub- 
ject matter taught in the majority of chemistry courses 
At the present time, does not provide a sound basis for 
our rising m righteous indignation and labeling these 
criticisms as false and unjust. During the last century 
and earlier, it was impossiblg. for chemistry courses to 
be integrated in terms of broad*fundamental principles, 
for such principles had not been developed or, at best, 
were but imperfectly understood. This, however, is 
no longer true. Of course, our theories are and always 
will be imperfect, but recent developments in the fields 
of physics and physical and theoretical chemistry have 
led to the discovery of a few broad, basic concepts in 
terms of which we believe it is possible to organize 
thoroughgoing, integrated, and internally consistent 
courses in inorganic and organic chemistry at the 
elementary college level. 

Arguments for the use of modern principles in organ- 
izing subject matter of chemistry courses in our college 
curricula have been presented before! and presumably 
have borne some fruit, for most chemistry teachers 
and textbook writers pay lip-service to modern theory 
and ‘‘modernize’’ their texts by putting in a chapter or 
two on atomic structure and the nature of the chemical 
bond. There is nothing wrong with this, of course. 
The fault is that the modernization stops there. . For 
in many courses and texts we find that, far from pro- 
viding a basis for the explanation and correlation of 
the descriptive material, these more recently developed 
fundamental concepts are rarely mentioned in the rest 





1 WitpMAN, “The need of modernizing the general course,” 
J. Cuem. Epuc., 12, 11-16 (1935). 
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of the text or course. Instead, the old empirical ex- 
planations and rules of thumb are employed. The 
failure of most chemistry teachers to exploit to the 
fullest the possibilities of modern theoretical principles 
is illustrated by their insistence on retaining the old 
Mendeleeff form of the Periodic Chart even though the 
historical table is obsolete in the light of present day 
atomic theory. This point will be elaborated upon 
below. 

Teachers of chemistry whose presentations follow 
the lines of older classical texts will argue that the 
introduction, of intangible concepts confuses and 
burdens the student unnecessarily and can be accom- 
plished only by some slighting of the more practical 
aspects of the subject which they purport to emphasize. 
We should never lose sight of the fact that a theory, 
as Sir Joseph Thomson was wont to remark in his 
classes in the Cavendish Laboratory, is ‘‘a tool, not a 
creed,” and certainly the theoretical tail should not be 
allowed to wag the pedagogical dog. But it is the 
authors’ contention that the use of modern concepts 
clearly stated and repeatedly applied greatly simplifies 
the study of practical chemistry, providing as it does, 
the continuous thread upon which otherwise isolated 
and incoherent facts may be strung to weave the 
fabric of a logical, unified, and integrated course. 
Such a treatment of the subject certainly is better cal- 
culated to develop the student’s reasoning power and 
to encourage his scientific spirit of inquiry than is a 
mere memorization of facts. A student trained in 
such an approach carries with him a broad picture into 
which new facts may be fitted, a ready tool by use of 
which additional knowledge may be interpreted, and a 
clear signpost pointing in the direction of further 
truth, rather than a loose bundle of unrelated facts 
which slip from his memory one by one. A clear-cut 
distinction must, of course, be drawn between fact and 
theory, but the student may soon be led to realize that 
should a present theory be discarded in favor of a 
better one, it will probably have been the present con- 
cept which has fashioned the better implement and 
that the latter can best be understood and utilized by 
those who were thoroughly familiar with the former. 

As stated above, arguments for the use of modern 
principles in organizing subject matter in chemistry 
courses in our college curricula have been presented 
before. There is still, however, ample room for im- 
provement of our chemistry courses along this line. 
It is the purpose of the authors to illustrate by a few 
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concrete examples how they attempt to apply modern 
theoretical principles in their teaching of elementary 
inorganic and organic chemistry. 


INORGANIC 


The authors believe that a thorough, workable 
knowledge of the Periodic System and the relationship 
of this system to the electron configurations of the 
various atoms is an absolute necessity for any student 
who aspires to attain any thorough understanding of 
chemical science. This means that in considering the 
structures of the atoms the discussion must not be 
restricted to the elements in the first two series of the 
Periodic System, as is commonly the case, and that 
such subjects as the nature of the electronic con- 
figurations of the transition elements and the rare earths 
shall not be avoided but shall be discussed, and their 
significance to the building of the whole series of atoms 
explained. This has been done rather well on the 
graduate level by Rice? and by Pauling*. It is up to 
the instructor to present the essentials of this matter 
in terms that elementary students can understand and 
apply. The authors have found that not only is such a 
presentation possible but that it pays dividends in 
increased student interest and understanding. 

Acceptance of this thesis immediately brings into 
focus the difficulties both from a scientific and a ped- 
agogical standpoint that follow from the use of the 
Mendeleeff style of Periodic Chart. Even if we use 
the Periodic Law as an empirical principle, making no 
effort to interpret it in terms of its theoretical basis, 
the Mendeleeff arrangement of the elements is not 
satisfactory. At least it is not unless we are willing to 
pass over such obvious incongruities as the placing of 
copper, silyer, and gold in the same group as the 


alkali metals, or the placing of manganese in the same | 


group as the halogens. Moreover, a glance at a plot 
of some such atomic property as ionization potential 
against atomic number will show that the Mendeleeff 
table is not even in empirical accord with the periodicity 
of the properties of the atoms. Thus, not only from a 
theoretical but also from a practical point of view, a 
modern “‘long’’ form of the Periodic Table such as the 
Werner-Evans Table is much to be preferred over the 
Mendeleeff form. In this more recent form each of 
the ‘“‘long series” is placed in a horizontal row and the 
transition elements fall in the middle part of the table. 
Moreover, such families of elements as that composed 
of copper, silver, and gold, and that containing chrom- 
ium, molybdenum, tungsten, and uranium, are now in 
distinct columns in the chart rather than being placed 
as subgroups in the same column with another family 
of elements to which, in most cases, they bear only the 
most formal resemblance. Such a table fits itself 
admirably to the correlation of theory and descriptive 
material. 





2 Rice, “Electronic Structure and Chemical Binding,” Mce- 
Graw-Hill Book Co., New York, 1940, pp. 84-103. 

3 PAULING, ‘“‘Nature of the Chemical Bond,” Cornell Univer- 
sity Press, Ithaca, New York, 1940, pp. 24-30. 
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Another phase of chemical science which we believe 
to be a fundamental requirement for any intelligent 
consideration of the properties of matter is the study 
of the various types of chemical bonds and the reasons 
for their formation. What is the nature of the forces 
involved in the various types of combination which 
atoms undergo? Of course, it goes without saying 
that there is a limit to the depth to which this subject 
may be explored at the elementary level. This limit, 
however, is seldom reached or even approached. Most 
textbook writers content themselves by saying that 
atoms may combine by the transfer of electrons to form 
ions or by the sharing of pairs of electrons to form 
covalent compounds, and by giving a few examples of 
each. The authors believe that in addition the dis- 
cussion should be carried to the point of inquiry into 
those characteristics of the combining atoms which 
determine whether the resulting compound will be 
ionic or covalent. Why, for example, is sodium 
chloride an ionic compound, whereas aluminum chlo- 
ride (anhydrous) is largely covalent? Or why do 
potassium, rubidium, and cesium ions form few, if 
any, complex ions, whereas beryllium, boron, and 
aluminum form such complexes readily? 

The answers to these and other pertinent questions 
which inevitably arise are to be found, to a certain 
extent at least, in the consideration of the gaseous 
ionization potentials and the ignic radii of the elements. 
Without going into any ouemisiaad discussion of the 
manner in which these quantities are measured, we may 
present the ionization potential simply as a measure 
of the energy required to remove an electron from an 
atom of the element under consideration, and the ionic 
radius as a measure of the size of the ion thus formed. 
Admittedly such data do not tell the whole story, but 
they do give qualitative and, in many cases, roughly 
quantitative explanations of some of the combining 
properties of the atoms. Once these terms have been 
introduced and defined, the change in these quantities 
as we pass from element to element in the Periodic 
System is noted, explained, and correlated with other 
properties of the elements and their compounds as 
they are studied. It is pointed out, for example, that 
as one passes from left to right in a given series, the 
ionization potentials of the elements show a general 
increase, while the corresponding ionic radii show a 
general decrease. These facts are explained in terms 
of the increasing nuclear charge on the atoms. Thus, 
the experimental fact of the increasingly nonmetallic 
character of the elements and the increasing acidity of 
their hydroxides is related directly to the change in 
the structure of the atoms. Why, for example, is 
sodium a strong reducing agent and chlorine a strong 
oxidizing agent? We no longer have to answer such a 
question with vague generalities. Why is sodium 
hydroxide a strongly basic hydrdxide, whereas silicon 
hydroxide (silicic acid) is acidi¢? Simply because the 
sodium ion is a large ion which has only a small attrac- 
tion for electrons and permits the breaking off of the 
hydroxyl ion, whereas silicon forms a small, highly 
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charged ion with high attraction for electrons, and 
does not permit hydroxyl ions to be released. In fact, 
the hydroxyl group is in this case so polarized that the 
release of protons is facilitated. The explanation of 
the more highly ionic character of sodium chloride than 
of aluminum chloride is exactly analogous. The lower 
ionic radius and the greater charge of the aluminum ion 
results in a much stronger attraction for a pair of 
electrons on the chloride ion than is the case in sodium 
chloride. 

It is further pointed out to the student that within 
a given family of the Periodic System, ionic radii in- 
crease and ionization potentials decrease with increasing 
atomic weight. (The exceptions to this rule in the 
case of the last member of some families due to the 
lanthanide contraction may or may not be explained, 
at the discretion of the instructor.) The increasingly 
metallic character of the elements of a given family 
with increasing atomic weight, and the increasing 
basicity (or decreasing acidity) of their hydroxides and 
oxides, are readily explained by means of these facts. 
Furthermore, such points as the aforementioned low 
conductivity of beryllium chloride as compared with 
that of barium chloride are readily explained in terms 
of differences in ionic radii and, in some cases, differ- 
ences in ionic charge. 

In this connection there is still another point which 
may be removed from the realm of pure memory work 
for the student and placed upon a reasonable theo- 
retical basis. Instead of the student’s memorizing that 
ferrous hydroxide is more basic than ferric hydroxide, 
that nitrous’ acid is a weaker acid than nitric, that 
hydrated stannic oxide is less basic than stannous 
hydroxide, the following general principle is stated 
and explained. Whenever an element forms oxides 
and hydroxides in more than one valence state, the 
oxide and hydroxide in the higher valence state are 
more acidic (or less basic) than the oxide and hydroxide 
in the lower valence state. This rule is readily ex- 
plained to the student by showing that as the positive 
charge on the ion increases, its attraction for the pair 
of electrons on the hydroxyl ion will increase, thus 
lowering the basic nature of the compound. Moreover, 
this same tendency increases the polarization of the 
hydroxyl group and results in an increased tendency 
to release protons. In nitric acid there is one more 
pair of electrons shared with an oxygen atom than in 
nitrous acid. The fact that the extra oxygen shares a 
pair of electrons which are held exclusively by the 
nitrogen in nitrous acid results in an increase in the 
effective positive charge on the nitrogen atom. Hence 
nitric acid is a stronger acid than is nitrous acid. Ob- 
viously, it is necessary to make frequent use of elec- 
tronic formulas in the development of these ideas. It 


may be said, however, that after a short time the 
students no longer regard these, formulas as mysterious 
hieroglyphics, but welcome them as aids to a rational 
interpretation of the properties of the compounds. 
Space, of course, does not permit anything approach- 
ing a complete summary of the multitude of phe- 
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nomena which are explained and correlated by the use 
of the newer theoretical concepts. The variable 
valences of the transition elements as related to in- 
complete inner electron shells, the relationship of 
complex ion formation to ionic charge and ionic radius, 
the change in stability of the hydrides of the nitrogen 
family with increasing atomic weight, are only a few 
examples. 

It is not only the more academic aspects of the sub- 
ject which may be correlated with theoretical prin- 
ciples, however. Such practical points as the methods 
for reduction of the ores of the metals, their reactivity 
(and hence their corrosion resistance), the forms in 
which they are found in nature, the dates of their dis- 
covery, their usefulness in industry, and many other 
interesting and important facts are readily correlated 
with the electronic structures and the ionization po- 
tentials of the atoms, and hence, with their position 
in the Periodic System. It cannot be overemphasized, 
however, that, in order that the full benefit of the use 
of these theoretical concepts may be obtained two 
things are necessary. First, these coneepts must be 
introduced as early in the course as is feasible, and 
second, they must be repeatedly and consistently 
applied and expanded in the explanation of the de- 
scriptive material presented throughout the course. 
It is with regard to this second point, particularly, that 
most elementary inorganic texts fall short. 


ORGANIC 


The authors believe that the electronic theory, 
particularly in its application to the problems of or- 
ganic chemistry, has now been developed to the extent 
that its intelligent use not only provides a precise 
physical basis for this branch of the science, but also 
serves to systematize and to simplify the study of the 
subject for the beginner. Concepts of the electronic 
theory as extended to a treatment of organic chemistry 
have been reviewed thoroughly on an advanced level 
by Johnson‘. It remains the problem of the individual 
teacher to present the salient generalizations of the 
theory in simple, concise terms understandable to 
students in the elementary course, and in such a man- 
ner that knowledge of the theory will actually expedite 
the study of practical organic chemistry. The authors 
feel that most of the present elementary organic texts 
which employ the electronic theory as a basis for study 
confuse the issue either by presenting the theoretical 
concepts so that they are much less intelligible than 
the facts themselves, or by employing the theory in 
the explanation of complex reactions, not regularly 
studied in the usual first year course, and neglecting 
to apply it in many simple, obvious cases. 

In order that they may be used throughout, the 
fundamental principles of the electronic theory should 
be presented to the student at the outset of the course. 
Two good examples, preferably dealing with compounds 





4 Jounson, ‘‘Modern Electronic Concepts of Valence.’’ Gr- 
MAN, “Organic Chemistry,’ 2nd ed., John Wiley and Sons, New 
York, 1943, Vol. II, 1821-1942. 
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already familiar to the student, should suffice to 
illustrate each principle. Certainly it seems ill- 
advised to point out how the concepts may be applied 
in a given homologous series until the question is made 
real to the student when the study of this particular 
series itself is undertaken. The basic theoretical ma- 
terial can be covered adequately in three lectures. 
It is admitted that the student may not master all of 
the theoretical concepts completely when they are 
first presented, but as he learns to relate them re- 
peatedly to the study. of practical organic chemistry 
which follows, he will soon appreciate their significance 
and will find in them a broad basis upon which to 
organize and about which to correlate many of the 
multitudinous facts of organic chemistry. Only by 
consistent use of the theory in the interpretation of 
organic phenomena can satisfactory answers be offered 
for the host of questions which inevitably arise in the 
mind of the thinking student. 

Reviewing principles already familiar to the students, 
the authors begin the theoretical treatment with a 
discussion of the nature of the atom with particular 
emphasis upon electronic structure, followed by a 
summary of the nature of the ionic, covalent, and co- 
ordinate covalent bonds. The question of maximum 
covalency is covered, especially with reference to 
hydrogen, and conditions favoring the formation of the 
hydrogen bond are pointed out. Next the phenomenon 
of resonance is introduced and the enhanced stability 
and shortened interatomic distances of resonating 
systems are stressed. 

In further development of concepts previously 
studied in the inorganic field, rules used in deducing 
the normal electronic structure of organic compounds 
are explained and illustrated by means of one or two 
typical compounds. Pauling’s Electronegativity Scale 
of the elements is interpreted in the light of its applica- 
tion to the question of bond energies and the existence 
of covalent bonds with partial ionic character. The 
significance of an electrical dipole is explained, and 
physical and chemical properties, such as melting 
point, boiling point, solubility, solvent power, asso- 
ciation of molecules, conductivity, activity, etc., of 
the three broad classes of compounds, ionic, nonpolar 
covalent, and dipolar covalent, are reviewed. 

Finally, the activation of molecules arising through 
the displacement of electrons in the molecule giving 
rise to centers of high electron density or low electron 
density, and the relationship of such activation to 
chemical reactivity are considered. The two simple 
forms of electron displacements, the inductive and 
electromeric, are not further subdivided. Inductive 
effects are defined as electron displacements arising 
from an unequal sharing of the electron pair of a 
covalent bond. The following series® listing various 
atoms and groups in the order of decreasing relative 
inductive electron-attraction effect is given: F > Cl > 
Br > I > OCH; > NHCOCH; > GH; > CH= 


5 Gruman, “Organic Chemistry,” 2nd ed., John Wiley and 
Sons, New York. 1943, Vol. II, 1844 and 1894. 
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CH. > H > CH; > Primary Groups > Secondary 
Groups > Tertiary Groups. Electrometric effects 
are designated as electron displacements associated 
with unshared electron pairs or with multiple covalent 
bonds. Obviously the two effects may oppose each 
other, and the generalization may be drawn that in 
cases where a hetero atom such as nitrogen, oxygen, or 
sulfur (in its lower covalent state) is joined to an 
unsaturated system by means of a single link, the 
electromeric effect of the hetero atom overcomes its 
inductive effect in giving direct impetus to a certain 
course of reaction. Simple examples of each type of 
effect are cited and the meaning of “‘nucleophilic’” (nu- 
cleus-seeking), “‘electrophilic’” (electron-seeking), ‘‘car- 
banion,” and ‘‘carbonium”’ ion is explained. 

Following the treatment of the theoretical concepts 
outlined above, each homologous series is discussed in 
the following sequence of topics: (1) type formula and 
homology; (2) nomenclature; (3) synthesis and 
preparation; (4) type electronic formula; (5) physical 
properties of the members of the series; (6) chemical 
properties and reactions; (7) important individual 
members of the series with emphasis on unusual re- 
actions, uses, and commercial applications. Wherever 
possible, the consideration of the type electronic 
formula is made the basis for the study of the physical 
properties and chemical reactions of the members of 
the series, and every possibility of systematization, 
correlation, and generalization based upon electronic 
structure is exploited. 

A review of all of the possible applications of the 
electronic theory in the interpretation and integration 
of the facts of organic chemistry cannot be attempted 
in the brief space of this paper, but a few specific ex- 
amples may be cited. Differences in the physical 
properties such as boiling points, melting points, and 
solubilities among various homologous series as, for 
example, the hydrocarbons, the alcohols, the ethers, 
the aldehydes, and the acids are readily explained and 
predicted on the basis of the dipolar character of the 
molecules and the possibilities of association through 
hydrogen bond formation. The same principles may 
be applied repeatedly, as in a comparison of the physi- 
cal properties of isomeric primary, secondary, and 
tertiary amines. Consideration of the relative in- 
ductive series suggests that the central carbon atom 
of propane represents a center of high electron density 
compared to the two terminal atoms; hence, the 
central carbon atom should be more susceptible to 
attack by an electron-accepting reagent such as chlor- 
ine. This conclusion is confirmed by the actual 
vapor phase chlorination of propane, in which it is 
found that the rate of replacement of the two hydrogen 
atoms attached to the central carbon atom is 3.25 
times that for the remaining six hydrogen atoms®, 

The relative inductive effect table likewise provides 
a logical basis for the prediction of the comparative 
reaction rates of the alcohols. Since a proton will 





6 Hass and coworkers, Ind. Eng. Chem., 28, 333 (1936). 
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escape more readily as the electron density of the OH- 
group is diminished, reactions which involve the release 
of the proton from the alcohol, such as salt formation 
and esterification, should proceed most readily in the 
case of primary alcohols, and least readily for the 
tertiary alcohols. On the other hand, for reactions such 
as the replacement of the OH-group by X, and de- 
hydration in the presence of an acid catalyst, in which 
the capacity of the oxygen atom to act as a donor is the 
rate-determining factor, the order is reversed. 

The intriguing question concerning the mode of 
addition of unsymmetrical reagents to unsymmetrical 
multiple bonds loses much of the mystery in which it 
has long been shrouded when viewed in the light of 
modern electronic theory. 

In the general case of the olefins, for example, the 
assumption that all of the alkyl groups have an effect 
of electron-release relative to H—C predicts that the 
odd pair of electrons of the double bond should be dis- 
placed toward the carbon bearing the larger number 
of hydrogen atoms. Hence, in the normal addition 
of reagents such as H—X or X—OH, the center of 
high electron density, —X or —OH, should be attracted 
‘to the carbon atom bearing the smaller number of 
hydrogen atoms. 

Consideration of the electronic structure of vinyl 
chloride, furthermore, reveals that. the electromeric 
effect associated with the unshared pairs of electrons 
about the chlorine atom tends to increase the covalence 
between chlorine and the carbon atom, and should 
result in the formation of an active form showing the 
odd pair of eléctrons of the double bond displaced away 
from the carbon atom bearing the chlorine. As a re- 
sult, the center of high electron density in the adding 
reagent should be attracted to the carbon atom bear- 
ing the chlorine. In the case of acrylic acid, on the 
contrary, the electromeric effect associated with the 
carbonyl oxygen favors the displacement of the odd 
electron pair toward the a-carbon, and in the normal 
addition of H—X, the halogen atom should add at 
the B-carbon. All these predictions are confirmed in 
actual practice. 

Without demanding a study of the minute mech- 
anisms proposed for the hydrolysis, alcoholysis, am- 
monolysis, and aminolysis of the acids, esters, amides, 
acyl halides, and acid anhydrides, the general con- 
cepts of the electronic theory provide a simple means 
for the correlation of the characteristic reactions of 
the organic acids and acid derivatives. In every case, 
the fundamental reactions of this group may be viewed 
as a sharing of an electron pair between the electron- 
donor atom in the molecule H—Y and the electrophylic 


@ 
carbonyl carbon atom of the acid derivative, R—C— 
Z, with the simultaneous splitting out of HZ. 
For a given electron-donor system, ease of reactivity 
among the various acid derivatives varies inversely 
with the electromeric electron release of Z, an effect 
which tends to diminish reactivity both by compensat- 
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ing for the low electron density of the carbonyl carbon 
atom and by inhibiting the rupture of the C—Z bond. 
In general, the typical addition reactions of the car- 
bonyl group likewise involve the attachment of a 
nucleophilic group to the carbon of the carbonyl. 

The concept of negative groups has played a promi- 
nent role in the development of theoretical organic 
chemistry. In electronic terms, the “negative” group 
of classical organic chemistry is simply one which has 
a tendency to withdraw electrons from the carbon atom 
to which it is attached. A negative group will en- 
hance the proton-escaping tendency and diminish the 
electron availability in any system into which it is 
introduced. Thus, acetic acid is a stronger acid than 
methyl alcohol, chloracetic acid is a stronger acid 
than acetic acid, acetamide is a weaker base than 
methylamine, and the amino group in aniline may be 
“protected”’ by acetylation. Strong negative groups 
exert a marked effect in facilitating the ionization of 
hydrogen atoms bound to carbon, as noted in enoliza- 
tion and tautomerism phenon..na and in such base- 
catalyzed or basic condensation reactions as the aldol 
and Claisen condensations, the alkylation of aceto- 
acetic and malonic esters, the Perkin, Knoevenagel, 
and Michael reactions, the halogenation of aldehydes 
and ketones, and condensations involving cyanacetic 
ester, cyanacetamide, and aliphatic nitro compounds. 
Each of these synthetically important reactions can be 
explained in terms of the removal by the basic catalyst 
or condensing agent of a proton from a carbon atom 
attached to one or more strongly negative groups, 
followed by the addition of the resulting carbanion to 
the electrophilic system involved in the particular syn- 
thesis. In the aldol condensation, for example, the 
second step would be the usual carbonyl addition, in 
which the carbanion plays the role of the nucleophilic 
reagent. 

Consistent use of the electronic theory is admirably 
adapted to the teaching of organic chemistry, whether 
the aliphatic and aromatic compounds are studied 
together or separately. In the authors’ courses, the 
latter method is followed, and it is most gratifying 
to observe that to students schooled in the application 
of modern theory, the ‘‘benzene problem” is no prob- 
lem at all. In fact, such a student, given a clear 
picture of the electronic structure of aromatic nuclei, 
can actually predict all of the distinguishing char- 
acteristics ordinarily associated with aromaticity. 

Diminished unsaturation and pronounced tendency 
to the formation and preservation of type follow from 
the increased stability of the benzene system due to 
resonance. The low reactivity toward oxidizing agents 
and the tendency to undergo substitution rather than 
addition reactions may be explained on the same basis. 
The inert nature of the halogen atom linked directly 
to an aromatic ring, and the acidic strength of the 
phenols,»as in the corresponding cases of vinyl halides 
and aliphatic enols, results from the electromeric effect 


(Continued on page 496) 
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The Mass Law Calculation of P - T - X Phase Diagrams for Binary Systems Consisting of Vapor 
and a Congruently Dissociating Solid Compound such as Ammonium Chloride or Ammonium Car- 
bamate. Diagrams of Ammonium Carbamate in the system CO,-NH; 


T. R. BRIGGS 


Cornell University, Ithaca, New York 


HE USEFULNESS of the Mass Law in the field 

of heterogeneous chemical equilibrium may be 
shown in a most interesting and effective manner by 
applying the principle to the calculation of phase 
diagrams of systems consisting of vapor and a dis- 
sociating solid compound such as ammonium chloride, 
ammonium hydrosulfide, or ammonium carbamate. 
The method of calculation is a good example of the 
application of elementary principles, and the phase 
diagrams, which are typical of systems of this kind, 
should be of interest to teachers and students of the 
phase rule. Such diagrams are seldom found in the 
textbooks. 

Compounds of the class mentioned above—decom- 
posing in the vapor state to give the gaseous constit- 
uents A and B and therefore representable by the em- 
pirical molecular formula A,,B,—may be said to dis- 
sociate congruently since the vapor produced by any 
such compound has the same empirical composition as 
the compound itself. Because of the dissociation, a 
compound of this type, when in contact with gaseous 
mixtures of its two dissociation products A and B 
in which the ratio between A and B is a variable 
quantity, may be treated from the point of view of the 
phase rule as a binary solid phase of fixed composition 
in equilibrium with gas or vapor in the two-component 
system A-B. It follows, accordingly, that the equi- 
librium relationships between the dissociating solid 
compound and the binary gaseous mixtures may be 
represented effectively by means of a P-T-X space 
model or by means of separate P-X, T-X, and P-T 
phase diagrams of the system A-B. 

It is a well-known fact that the dissociation men- 
tioned above is governed by a simple form of the 
Mass Law. This being the case, it should not be 
difficult to calculate the data needed for the construction 
of the P-7-X space model or the separate phase dia- 
grams by an application of the Mass Law to the dis- 
sociation equilibrium, the only experimental quantities 
required being the dissociation pressures of the compound 
A,,B, and the degree of dissociation of the compound in 
its own saturated vapor. The general method of calcula- 
tion will be presented directly below, and this will be 
followed up with an application of the method to am- 
monium carbamate in the system CO.-NH;. The 
required data will be taken entirely from the paper on 
the ammonium carbamate equilibrium published nearly 
20 years ago by Briggs and Migrdichian (1). A brief 
reference will also be made to ammonium chloride in 


the system NH;-HCI on the basis of data obtained by 
Rodebush and Michalek (3). Both systems, of course, 
are typical of the class under consideration. 


THE GENERAL MASS LAW EQUATIONS 


We shall begin by considering a compound, C, having 
the molecular formula A,,B, and dissociating incom- 
pletely in the vapor in accordance with the following 
scheme: 


AmBn (solid) = AmB, (gas) = mA (gas) + nB (gas) 


When equilibrium is established between the solid 
compound and any mixture of its gaseous components 
A and B, let the partial pressures of the three molecular 
species in the gas phase be py, pz, and pc, corresponding 
to the mole fractions x,, x3, and x;, respectively. Since 
the compound is a solid phase of fixed composition, 
the partial pressure pz is fixed at a given temperature 
regardless of the ratio between A and B in the gas 
phase; hence the dissociation is governed by the 
simple Mass Law expression p,"p," = K,. From this 
—assuming that the gaseous constituents are ideal—we 
obtain: 


K 
Pa = xa™ = (1) 





in which P is the total pressure of the gas or vapor phase 
and g is written for m + n. 

Now, what we wish to calculate first with the aid 
of the Mass Law is an isothermal P-X phase diagram 
which will represent the solid compound, C, in equi- 
librium with the gas or vapor phase in the two-com- 
ponent system A-B. In such a diagram the com- 
position is expressed in terms of the gross (1. e., analyti- 
cal) fractions of the two components, A and B, and 
not in terms of the ‘rue fractions of all the molecular 
species which may be present in a given phase. Ac- 
cordingly if we let X, and X, be the gross mole frac- 
tions—defined, of course, by the relation X¥, + Xz, 
= 1—we have for the gas phase: X, = x, + (m/q)x¢ 
and X, = x3 + (n/q)xc, and since x, is equal to p,/P, 
we obtain: 


xa = Xa— ob Pe (2A) 
— ees (2B) 
xB = B gp Pe 


These expressions, when combined with equation (1) 
give the desired isothermal P-X formula. 
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Before the isothermal P-X formula can be used, 
however, it is necessary to evaluate the constants 
K, and pc. These constants may be obtained from 
the dissociation pressure, Po, of the solid compound 
and the degree of dissociation, ao, of the saturated vapor 
which is produced from the compound. The required 
formulas are: 


Kp = aim™n" Gt)’ (3) 
Vo 
P 

be = (1 — aw) N, (4) 


in which equations N, is equal to 1 + (¢—1)ao. 

Given the dissociation pressure Py and the degree of 
dissociation a, one may calculate the P-X isothermal 
for various assigned values of the composition X by 
employing the numbered equations listed above. 
After obtaining a sufficient number of such P-X iso- 
thermals at different temperatures, one may inter- 
polate 7-X isobars and P-T isopleths by graphical or 
other methods. The amount of labor involved in 
obtaining the diagrams is, of course, considerable. 


THE SPECIAL EQUATIONS FOR COMPLETE DISSOCIATION 


In the analysis of the problem up to this point it has 
been assumed that the dissociation of the compound 
C is definitely incomplete in the vapor phase. If we 
assume complete dissociation—. e., the limiting case 
in which a = 1—the Mass Law equations are greatly 
simplified and it is possible for us to obtain not only a 
convenient P-X equation but also an extremely useful 
combined P-%-X equation which is valid, at least as a 
good approximation, over a more or less wide range of 
temperatures. These equations follow. 

For complete dissociation (7. e., a = 1), pe in the 
general Mass Law equations becomes zero, Ny becomes 
equal to g, and we obtain by combination the single 
expression : 

m™n" Po@ 

Pi = ox anX pe (5) 
an isothermal P-X equation which, in a somewhat dif- 
ferent form, was first derived by Briner (2). The 
combined P-7-X formula is obtained from equation 
(5) by introducing the well-known empirical relation- 
ship: log P) = A + (B/T). The result may be 
written as follows: 

log P = A+ : log = - 7 108 (X "Xp" +3 (6) 

Rodebush and Michalek (3) have shown that am- 
monium chloride is completely dissociated between 
501° and 557° Abs. in accordance with the reaction, 
NH,CI (solid) = NH; (gas) + HCl (gas), and that the 
dissociation pressures (in mm.) are represented be- 
tween these limits by the expression: 


log Po = 10.1070 — _ 
We therefore obtain, from equations (5) and (6), 
respectively, 
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pts x a (5A) 
4XwasX unc 
wi 408 
log P = 9.8060 — 1/2 log (Xnu:Xuci) — —p (6A) 


the last equation being a working formula which would 
enable us to calculate the phase diagrams for solid 
ammonium chloride and vapor in the system NH;-HCl 
between the temperature limits mentioned above. 

DIAGRAMS 


THE CALCULATED AMMONIUM CARBAMATE 


The Mass Law equations will now be applied in detail 
to ammonium carbamate in the system CO.—NH; on 
the basis of the dissociation pressure data which Briggs 
and Migrdichian (7) published as part of their Mass 
Law investigation (q. v.) of the ammonium carbamate 
equilibrium. Since the carbamate is practically com- 
pletely dissociated in the vapor and the reaction may 
be written, NHsNH2COz (solid) = CO, (gas) + 2NH; 
(gas), we obtain from equation (5) the following iso- 
thermal P-X formula: 

4P,3 . 
Pi= 27Xco.Xnae (5B) 

A critical examination of the dissociation pressure 
data of Briggs and Migrdichian has been made es- 
pecially for the present study. It shows that the 
dissociation pressure P2 (in mm.) may be accurately 
represented (see Figure 1) between 10° and 45°C. 
by the equation: 


730 
log Po = 11.1050 — ee 
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Accordingly, one obtains from equation (6) the follow- 
ing working P-7-X formula: 
’ 2730 ; 
log P = 10.8286 — !/; log (Xco,Xnu,?) — r (6B) 


This formula has been employed throughout the 
present paper to produce the Mass Law phase diagrams 
that are shown in Figures 2 and 3. Its accuracy, 
of course, is uncertain if the total pressure is high 
and the temperature lies outside the limits given 
above. 
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We shall now discuss the phase diagrams, which are 
interesting, though simple and easy tointerpret. The 
P-X diagram (see Figure 2) shows a number of iso- 
thermals for the binary vapor saturated with solid 
ammonium carbamate. Each isothermal has been 
drawn about a vertical solidus line at Xyny, = ?/3 
representing ammonium carbamate; hence there is 
produced a set of typical P-X phase diagrams of the 
system CO,—NH; in a limited pressure range, each dia- 
gram having a homogeneous field for the unsaturated 
vapor and two heterogeneous fields for saturated vapor 
and solid carbamate. The point of minimum pressure 
on the isothermals at Xyy, = ?/3 should be noted; 
it is, of course, the congruent dissociation point (7. e., 
dissociation pressure Po) of the solid carbamate at the 
specified temperature. Since the isothermal curves 
are also isothermal contour lines on the dissociation sur- 
face of the P-T-X space model (7. e., the surface repre- 
senting the saturated vapor in equilibrium with solid 
carbamate), the general shape of the space model can 
be seen from the diagram in Figure 2. The contours 
are spaced at approximately equal temperature in- 
tervals. 

The points (small circles) shown along the calculated 
isothermal curves in the P-X diagram are experimental 
P-X determinations that have been derived from the 
Mass Law tests of Briggs and Migrdichian (1), of which 
mention has already been made. These tests (q. v.) 
were made by measuring—at or very close to the 
several temperatures of the isothermals shown on the 
P-X diagram—the total pressure P of the vapor phase 
when the latter, containing a known quantity of carbon 
dioxide or of ammonia in excess of the stoichiometric 
carbamate ratio, was brought into equilibrium with 
solid ammonium carbamate. Many such tests were 
made; and since it is an easy matter—assuming com- 
plete dissociation of the carbamate molecules and 
ideality for the gas—to compute from the published 
data (seeTable II of the Briggs and Migrdichian paper) 
the mole fraction Xyu, in the saturated vapor for each 
test measurement of P, we have available a large 
number of independent experimental P-X determina- 
tions which may be plotted for comparison along the 
corresponding calculated Mass Law curves. That 
most of the experimental points do in fact lie on, or 
close to, the theoretical curves may be seen from the 
diagram in Figure 2, which, as presented, should there- 
fore be of special interest to teachers of elementary 
physical chemistry. In addition to showing the vapor 
phase relationships of the carbamate in the binary 
CO:-NH; system, the diagram gives a good picture 
of a typical experimental Mass Law test of a case of 
heterogeneous chemical equilibrium: 

The calculated 7-X diagram—also shown in Figure 
2—requires little comment in view of what has been 
said about the P-X diagram. The temperature max- 
ima on the saturated vapor isobars at X yu, = 7/3 are the 
congruent dissociation points of solid ammonium car- 
bamate at the specified pressures. The complete 
similarity of form between these vapor isobars and the 
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solubility curves of congruently melting binary com- 
pounds should be noted; this matter should be of in- 
terest to students in courses dealing with the phase rule 
or with chemical thermodynamics. 

The P-T diagram appears separately in Figure 3. 
It consists of a set of typical P-T sections (isopleths) 
at constant total composition X calculated by means 
of equation (6B). The composition corresponding to 
each section is given on the diagram in terms of the 
mole percentage, 100Xyuy,. If we except the special 
case of the isopleth at the carbamate composition 
100Xyxu, = 66?/; (in which each field represents a 
single phase), every P-T section shows a homogeneous 
field for unsaturated vapor below the P-T curve and a 
heterogeneous field for solid carbamate and saturated 
vapor above the P-T curve. As the pressure is in- 
creased at constant temperature in the latter field, 
more and more solid carbamate is produced at the 
expense of the saturated vapor, which becomes steadily 
richer in the component that is in excess of the car- 
bamate ratio in the system as a whole. The points 
(small circles) shown along the P-T curve at the car- 
bamate composition are the actual P) determinations of 
Briggs and Migrdichian. 

It seems worth while to mention one or two other 
matters in connection with the P-7 curves. If we 
differentiate equation (6B) with respect to T for any 
assigned value of the composition X and transform the 
result into the Clausius-Clapeyron equation applied 
to one mole of solid ammonium carbamate, we obtain, 
d In P/dT = 37,480/3RT°, and since the same result 
is obtained for all values of X, the heat of dissociation 
(expressed above in gram-calories) is independent of 
the CO./NH; ratio in the vapor phase. It is also 
evident from equation (5B) that the ratio P)/P for any 
one of the P-7 curves should be independent of the 
temperature. 


THE PROBABLE FORM OF THE EXTENDED P-X aNp 7-X 
DIAGRAMS 


The discussion will be concluded with a few para- 
graphs of a more or less speculative nature concerning 
the probable form of the P-X and 7-X diagrams of 
Figure 2 when these diagrams are extended to high 
pressures and low temperatures, respectively. At 
19.9°C., for example, carbon dioxide condenses to the 
liquid form at approximately 56 atm. and ammonia 
condenses to the liquid at approximately 8.3 atm. It 
seems fairly certain, accordingly, that the 19.9°C. 
carbamate-vapor isothermal in Figure 2 will continue 
upward as shown until it meets ‘wo isothermally in- 
variant systems at the high pressures—one in the 
vicinity of 56 atm. representing solid carbamate, 
binary liquid (7. e., solution), and binary vapor rich 
in COs, and the other in the vicinity of 8.3 atm. repre- 
senting solid carbamate, binary liquid, and binary 
vapor rich in NH;. The phase diagram above these 
pressures will show fields for CO:-rich binary liquid, 
carbamate and CO>-rich binary liquid, carbamate and 








487 


NH;-rich binary liquid, and NHs;-rich binary liquid. 
Judging from the form of the vapor isothermal shown 
in Figure 2, it seems likely that the composition of the 
binary vapor is very close to that of a pure component 
in each of the invariant systems; hence the same thing 
is probably true of the binary liquid in these systems 
and one may therefore hazard the guess that, at 19.9°C. 
and the necessary high pressures, the solubility of 
ammonium carbamate is extremely small both in liquid 
carbon dioxide and in liquid ammonia. The con- 
struction of the extended P-X diagram for 19.9°C., 
in schematic form, is suggested as an instructive 
exercise; but if the extension is applied to others of 
the group of isothermals shown in Figure 2, one should 
remember the fact that the critical point of carbon 
dioxide (31.2°C.) lies within the temperature range 
of the group, while that of ammonia (132.9°C.) lies 
well outside. 

One may speculate in the same way about the form 
of the 7-X isobars extended to low temperatures. 
The extended diagram for 300 mm. (see Figure 2), 
for example, presumably would show an isobarically 
invariant system representing solid carbamate, solid 
carbon dioxide, and binary vapor rich in CO; on the CO, 
side of the diagram in the vicinity of —90°C. (the sub- 
limation temperature of solid carbon dioxide at 300 mm.), 
and a second isobarically invariant system representing 
solid carbamate, binary liquid, and binary vapor rich 
in NH; on the NH; side of the diagram not far from 
—50°C. (the boiling point of liquid ammonia at 300 
mm.). A third invariant system—. e., the eutectic 
system consisting of solid carbamate, binary liquid, 
and solid ammonia—would also be expected in the 
diagram in the vicinity of —78°C., the melting point 
of ammonia crystals. The schematic 7-X phase 
diagram for 300 mm.—drawn, let us say, so as to cover 
the temperature range between —100° and 50°C.— 
would thus show 10 different phase fields, two of which 
would be homogeneous fields (7. e., for the binary vapor 
and the binary liquid, respectively), while the others 
would be heterogeneous fields representing various 
phase pairs. For the reason already given in con- 
nection with the extended P-X diagrams, it again seems 
likely that the solubility of ammonium carbamate in 
liquid ammonia is extremely small—probably over the 
whole temperature range between the eutectic point 
(ca. —78°C.) andthe boiling point of the saturated 
solution (ca. —50°C.) The vapor in equilibrium with 
carbamate and solid carbon dioxide near —90°C. is 
presumably almost pure COs. 

As we have been careful to point out throughout the 
discussion, the diagrams shown in Figures 2 and 3 are 
based entirely upon the dissociation pressure deter- 
minations of Briggs and Migrdichian and are therefore 
restricted to the temperature interval (10° to 45°C.) 
in which these investigators worked. Similar diagrams 
for the carbamate-vapor system may be calculated 
for higher temperatures (and correspondingly higher 
pressures) on the basis of the other dissociation pressure 

(Continued on page 510) 
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EVERAL methods have been described in the 

literature,*~'* particularly in recent years, for 
semimicro hydrogenation at substantial atmospheric 
pressures. All of these methods are microquantita- 
tive procedures for the estimation of unsaturation. 
So far as the authors have been able to ascertain, there 
is no simple method which can be used for small-scale 
hydrogenation experiments primarily designed for 
undergraduate laboratory courses. The most impor- 
tant methods available for small scale hydrogenation in 
the laboratory are summarized in Table 1. Of these, 
the most. widely used is the method developed by 
Adams and his collaborators." 


cost, is restricted to advanced students, as there is al- 
ways some danger involved in handling hydrogen 
under 2 to 4 atmospheres pressure. It was considered 
desirable to develop a simple method of hydrogenation 
using apparatus which could be easily set up by every 
student. The specific requirements of such a method 
are: (a) hydrogenation should be performed at at- 
mospheric pressure; (b) hydrogen must be generated 
by action of acid on metals and not further purified; 
(c) the use of any mechanical shaking mechanism 
should be avoided; (d) apparatus should be as simple 
and as inexpensive as possible; (e) method should be 
fairly rapid—hydrogenation of 0.5 to 1 g. of substance 


TABLE 1 


SUMMARY OF THE Most IMPORTANT METHODS OF LABORATORY HYDROGENATION 


Year 

Investigators Proposed Literature Reference 
Paal and Amberger 1905 Ber., 38, 1406 
Paal and Gerum 1908 Ibid., 41, 813 
Willstatter and Waser 1910 Ibid., 43, 1176 
Willstatter and Hatt 1912 Ibid., 45, 1471 
Skita and Meyer 1912 Ibid., 45, 3594 
Stark 1913 Ibid., 46, 2357 
Boesecken, Van der Weide, and Mom 1916 Rec. trav., 35, 267 
Rosenmund and Zetzsche 1918 Ber., 51, 578 
Adams and Voorhees 1922 J. Am. Chem. Soc., 44, 


Catalyst Features of Hydrogenating Apparatus 
Colloidal Pd in sodium Glass flask kept in agitation through shaking 
protalbinate apparatus. Pure He; no excess pressure 
Pt sponge A flask shaken by an eccentric. Purified H2 


Colloidal Pt and gum 
arabic 


Colloidal Pt or Pd 

Paal’s Pd and foaming 
agent. Also Pt 

Colloidal Pt and Pd 
(gum arabic) 

PtO: 


from gasometer. No excess pressure 

Gas cylinder permitting any desired pres- 
sure, reaction vessel with eccentric shaker. 
Initial pressure usually 2 atmospheres 

Eccentric shaking apparatus 

Shaking apparatus, 150 r/min. H: from 
cylinder through 3-way valve 

Eccentric shaking apparatus and excess pres- 
sure. Also H2 introduced by bubbling 

Hydrogen tank connected to hydrogenating 
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The apparatus used in this method consists of a 
small tank for holding hydrogen, valves and connec- 
tions leading to the reaction bottle, a shaking mecha- 
nism, and a vacuum pump for removing air from the 
system. The cost of this apparatus ranges from $100 
to $200, depending on whether one assembles the ap- 
paratus or buys it complete. Its use, aside from its 





1 Presented at the 105th meeting of the American Chemical 
Society in Detroit, Michigan, April 12, 1943, before the Division 
of Chemical Education. 

2 McMILiaNn, COLE, AND RitcuiE, Ind. Eng. Chem., Anal. Ed., 
8, 105 (1936). 

3 GOODLOE AND FRAZER, tbid., 9, 223 (1937). 

4 KIRNER, thid., 9, 535 (1937). 

5 McMILLAN, tbid., 9, 511 (1937). 

6 Simons, ibid., 10, 638 (1938). 

7 PRATER AND HAAGEN-SMIT, ibid., 12, 705 (1940). 

8 JOSHEL, HALL, AND PALKIN, ibid., 13, 447 (1941). 

9 JOHNS AND SEIFERLE, ibid., 13, 841-3 (1941). 

10 SAVELLI, SEYFRIED, AND FILBERT, tbid., 13, 868 (1941). 

11 HALLETT, tbid., 14, 956 (1942). 

12 NOLLER AND BaRuscu, ibid., 14, 907 (1942). 

13 ROBEY AND MORRELL, ibid., 14, 880 (1942). 

14 ADAMS AND VOORHEES, ‘‘Organic Syntheses. Collective 
Rev. Vol. I,” John Wiley and Sons, Inc., New York, 1941, 
p. 61; also J. Am. Chem. Soc., 44, 1403 (1922). 


bottle with shaker. Pressure 2 to 3 atm. 


in about half an hour; and (f) method should be ap- 
plicable to many different types of compounds, and 
products should be easily separated. 


PRINCIPLE OF SEMIMICRO HYDROGENATION 


In most laboratory hydrogenations, the compound 
to be reduced is dissolved in a suitable solvent, and 
after addition of the catalyst the hydrogen is admitted 
under pressure, the vessel being shaken so that a large 
surface of the liquid comes into contact with the gase- 
ous phase. Application of pressure increases the solu- 
bility of the gas in accordance with Henry’slaw. With- 
out any reference to specific mechanisms it can be 
assumed that the reaction takes place at the surface 
of the catalyst, which must be in contact with the gase- 
ous and the liqujd phase. Hydrogen is adsorbed on the 
surface of the catalyst, either from the gaseous phase 
as the vessel is shaken or from the amount dissolved 
in the liquid; the hydrogen adsorbed on the surface of 
the catalyst undergoes activation and reacts with the 
compound. 
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Table 2 lists the solubility of hydrogen in various 
solvents at one atmosphere pressure,® and Table 3 lists 
the solubility of hydrogen in water, methanol, and 2- 
propanol at various pressures.’ It will be noted 
that the solubility in most organic solvents is four to 
five times the solubility in water, and that Henry’s 
law is followed at higher pressures. From this it be- 
comes evident that the amount of hydrogen in solution 
during hydrogenation is quite small. For example, 
in the hydrogenation of 1 g. of p-nitrophenol in 20 ml. 
of ethanol at 25° and 2 to 3 atmospheres pressure, the 
amount of hydrogen dissolved in the alcohol at any 
time is 3.5 to 5.5 ml. The amount of hydrogen re- 
quired for the reduction is 520 ml. (measured at 25° 
and 1 atmosphere). It is obvious, therefore, that a 
large surface of the solution and catalyst must come in 
contact with the gaseous phase in order that such a 
large amount of hydrogen may be adsorbed by the 
catalyst; this is accomplished by vigorously shaking 
the vessel containing the solution, catalyst, and hydro- 
gen gas. 


TABLE 2 
SoLuBILITY OF HYDROGEN IN VARIOUS SOLVENTS AT 25° AND 1 ATMOSPHERE 
PRESSURE 
Relative S 
Solvent a* St Water = 1 
Water 0.0175 0.0191 1 
Methyl alcohol 0.0866 0.0945 4.9 
Ethyl alcohol 0.0819 0.0894 4.7 
Amy] alcohol 0.0276 0.0301 1.6 
Acetone 0.0655 0.0715 3.7 
Ethyl acetate 0.0781 0.0852 4.5 
Benzene 0.0693 0.0757 4.0 
Toluene 0.0801 0.0875 4.6 
Acetic acid * 0.0580 0.0633 3.3 


* a = Bunsen absorption coefficient. Volume of gas, reduced to 0° and 
760 mm. which is absorbed by one volume of solvent at the temperature of 
the experiment, and 760 mm. being the partial pressure of the gas. 

t S= Volume of gas absorbed by unit volume of solvent at the tempera- 
ture of the experiment, and pressure of 760 mm. being the pressure of the gas 
and solvent. S = a(1l + 0.00367t°). 


TABLE 3 


SoLuBILITY OF HyDROGEN IN WATER, METHANOL, AND 2-PROPANOL AT 
VARIOUS PRESSURES 


(Volume of He: dissolved in one volume solvent, measured at 25°C. and 1 
atmosphere pressure) * 


Pressure, 
(atm.) Water Methanol 2-Propanol 
1 0.019 0.082 0.074 

10 0.19 0.82 0.74 
40 0.76 3.3 3.0 
50 0.95 4.1 3.7 
80 1.52 6.6 5.9 

100 1.9 8.2 7.4 

150 2.8 12.3 19 


* Fro.icu, TAUCH, HOGAN, AND Perr, J. Ind. Eng. Chem., 23, 548 (1931). 
Values calculated from graph. 

Note: These values disagree widely with those in Seidell’s ‘“‘Solubilities,” 
Vol. I, 3rd ed., D. Van Nostrand Company, Inc., New York, 1940, p. 555, 
calculated from the same data. 


In connection with the work on the chlorination of 
organic compounds in the liquid phase, one of the 
authors for many years has used porous thimbles or 
cups to disperse the gas into the liquid. It was noted 

15 MELLOR, ‘‘Comprehensive Treatise on Inorganic and Physi- 
cal Chemistry,’’ Longmans, Green and Co., New York, 1922, 
Vol. I, p. 303. 


16 FROLICH, TAUCH, HOGAN, AND PEER, J. Ind. Eng. Chem., 
23, 548 (1931). 
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that if the chlorine was dispersed into the liquid through 
such microporous media, the rate of reaction was in- 
creased. In applying this method to small-scale 
chlorination a large number of microporous dispersers 
were tried and the one adopted” had sufficient porosity 
to allow the dispersion of the gas into the liquid without 
much internal pressure. The use of a similar micro- 
porous disperser for small-scale hydrogenation was 
considered on the following basis: passage of the gas 
in the form of minute bubbles through the solution 
keeps the catalyst in constant agitation and at the 
saine time in contact with a large surface of the gas. 
Preliminary experiments using 1 g. of p-nitrophenol 
dissolved in 20 ml. of ethanol showed that it is pos- 
sible to effect reduction using hydrogen generated 
by the action of dilute sulfuric acid on zinc. The speed 
of hydrogenation was found to be largely a function of 
the activity of the catalyst and the rate at which hydro- 
gen is passed through the solution; with very active 
catalysts such as platinum and palladium, the time 
required for the completion of the reduction compared 
favorably with the time required with the Adams hy- 
drogenating apparatus under 2 to 3 atmospheres pres- 
sure. The tentative mechanism assumed for the re- 
duction under the conditions described is that the re- 
action takes place at the interface between the gas, 
liquid, and solid catalyst. Although reaction may take 
place throughout the liquid, once the hydrogen has been 
adsorbed, some evidence indicates that the adsorption 
takes place to a large extent as the gas emerges from 
the microporous disperser and prior to the formation 
of bubbles. The emergence of bubbles keeps the liquid 
and catalyst in constant agitation, thus exposing fresh 
surface of the catalyst and liquid to the gas. The 
amount of gas that needs to be generated and passed 
through the solution is usually three to five times the 
amount calculated. The excess hydrogen to be dis- 
posed of is seldom over 2 liters; hence, the operation 
is not difficult in a properly ventilated hood. 

In connection with the development of this method, 
it should be noted that earlier work indicated that 
formation of hydrogen bubbles facilitates hydrogena- 
tion. Rosenmund® effected hydrogenation by bubbling 
hydrogen gas through liquids at such a rate that the 
bubbles could just be counted. Boesecken™ noted 
that frothing facilitates hydrogenation and used foam- 
ing agents to facilitate the formation of bubbles. 
Biesalski® used an apparatus consisting of two closed 
azotometers, one containing hydrogen and the other 
an aqueous solution of the compound to be hydro- 
genated. Palladium black was used as a catalyst and 
foam-producing substances such as saponin, potassium 
oleate, and gums were used to facilitate the formation 
of bubbles. By means of leveling bulbs purified hydro- 
gen was forced into the solution under an internal pres- 





17 CHERONIS, ‘Semimicro and Macro Organic Chemistry,” 
Thomas Y. Crowell Co., New York, 1942, p. 225. 

18 See Table 1 for references. 

19 BIESALSKI, Z. angew. Chem., 41, 853 (1928). BIESALSKI, 
KOWALSKI, AND WACKER, Ber., 63, 1698 (1930). BIESALSKI AND 
Kant, Z. anorg. Chem., 230, 88 (1936). 
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sure of 0.6 to 0.8 of an atmosphere through a porous 
porcelain body placed at the lower end of one of the 
azotometers, thus producing a froth of minute bubbles, 
which facilitated hydrogenation. 


STUDENT APPARATUS FOR SEMIMICRO HYDROGENATION 


Figure 1 shows the apparatus recommended for use 
by students for semimicro hydrogenation. The gen- 
erator (A) is a flask of 500- or 1000-ml. capacity. The 
charge consists of 20 to 50 g. of technical zinc pellets 
or mossy zine and 50 ml. water. Dilute (25 per cent) 
sulfuric acid is added through the separatory funnel. 
The amount of acid added in the beginning is 10 to 15 
ml.; when the flow of hydrogen diminishes so that the 
bubbles of gas can be counted in the wash bottle (B) 
at the rate of 1 or 2 per second, 10 ml. of acid are added. 
About 10 to 15 g. of zine and 60 to 80 ml. of dilute sul- 
furic acid are required for the reduction of one gram 
of most compounds reported, providing the reaction is 
complete within 30 minutes. 


| 

i | 
| 

Mad | 
<> | 








FIGURE 1.—APPARATUS FOR SEMIMICRO HYDROGENATION. 


The hydrogen generator is connected through rubber 
tubing (preferably red rubber tubing) with a wide- 
mouthed bottle (B) of 0.5- to 1-liter capacity, containing 
250 to 300 ml. of concentrated sulfuric acid. The inlet 
and outlet, and safety valve tubes are made of 6-mm. 
tubing; the safety tube is about 1 meter in length. 
The rise of sulfuric acid above its level in the bottle is a 
measure of the internal pressure of hydrogen. The 
height of sulfuric acid should not exceed 30 to 40 cm., 
corresponding to about half an atmosphere. During 
some hydrogenations, particularly when the com- 
pound formed is not very soluble in the solvent, the dis- 
perser becomes slightly clogged. Another reason for 
this may be that the greater part of the reaction takes 
place near the interface of the porous tube and the 
liquid. In such cases the sulfuric acid in the safety tube 
begins to rise, and the disperser must be changed or 
cleaned through immersion in a test tube containing 5 
ml. of warm solvent. The solvent is drawn by mild 
suction a few times into the porous tube until air can 
be blown easily through the solution. The wash 


JouRNAL OF CHEMICAL EDUCATION 


bottle (B) is connected to a 250-ml. bottle (C) con- 
taining some glass wool and a small layer of calcium 
chloride. Traces of moisture in the hydrogen do not 
seem to impede the reaction. 

The hydrogenator consists of a regular 8-inch 
pyrex tube (D). A greater efficiency is obtained in the 
agitation of the catalyst if the bottom of the tube is 
drawn down slightly. The tube is closed by a 3- 
hole rubber stopper through which are attached, (a), 
the microporous disperser, (b), a microcondenser, (c), 
an outlet for the excess hydrogen. The microporous 
disperser is described in detail below. It is connected 
through a piece of rubber tubing 3 to 4 mm. in diame- 
ter and 30 to 40 cm. in length with the bottle (C). 
The microcondenser is inserted about 80 to 90 mm. in 
the tube. The outlet is connected with a piece of tub- 
ing leading into the hood or, through a small opening of 
a window, to the outside. The outlet can also be con- 
nected to a 2-liter bottle filled with water so that the 
excess hydrogen can be collected by water displacement. 
Since the amount of excess hydrogen is not very great 
it can be washed down the drain, provided only one 
hydrogenation is performed in the laboratory. 

The rubber stoppers and rubber tubing are washed 
before use, first with soap and water and then with 
alcohol. It is advisable to clean the 3-hole rubber 
stopper of the hydrogenator with an abrasive (particu- 
larly if new and made of black rubber) to remove ad- 
hering material. The practice of boiling the rubber 
stoppers with sodium hydroxide in order to remove 
sulfur, although advisable, was considered too time- 
consuming for the student. The use of impure hydro- 
gen and the fact that no difficulty traced to rubber tub- 
ing and stoppers has been encountered justify the 
omission of the practice. Directions for hydrogena- 
tion are given in the experimental part. 


CATALYSTS FOR SEMIMICRO HYDROGENATION 


The amount of literature that has accumulated on 
catalysts for hydrogenation is tremendous, and no at- 
tempt will be made to list the bibliography consulted 
except to give references to a text in which most of the 
catalysts are briefly discussed.” Preliminary trials 
using Adams and Voorhees’ platinic oxide”! and Raney 
nickel?? in a standard hydrogenating apparatus with 
4 to 5 atmospheres pressure and with the microporous 
disperser in an open system indicated that although 
nickel catalysts could be used, the platinum and pal- 
ladium catalysts offered two distinct advantages. 
First, the time required for reduction is one-fourth to 
one-fifth of that required with nickel catalysts. Sec- 
ond, the amount of platinum or palladium catalyst re- 
quired is one-twentieth to one-thirtieth the amount of 
nickel. This, it is believed, offsets the larger initial 
cost of the platinum catalyst. The cost of 50 mg. of 





20 BERKMAN, MORRELL, AND EGLorr, ‘‘Catalysis,’’ Reinhold 
Publishing Co., New York, 1941. 

21 ADAMS, VOORHEES, AND SHRINER, “Organic Syntheses. 
Collective Rev. Vol. I,” John Wiley and Sons, Inc., New York, 
1941, p. 463. 

22 ADKINS AND Covert, J. Am. Chem. Soc., 54, 4116 (1982). 
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platinic oxide used for most semimicro hydrogenations 
at current prices is 14 cents. The resale value of in- 
cinerated platinum residues is about 90 cents per gram 
of platinum, which reduces the price of the 50 mg. of 
platinic oxide to about five cents. 

The activity of catalysts and the efficiency of various 
porosities of microdispersers were measured by observing 
the rate of reduction of p-nitrophenol to p-aminophenol. 
This reaction was chosen because the solution becomes 
greenish yellow, probably due to the formation of 
nitrosophenol, and turns white upon completion of re- 
duction. The rate can be followed by removing one 
milliliter of the solution, evaporating rapidly on a 
watch glass, and taking the melting point of the result- 
ing crystals. Figure 2 shows the melting point com- 
position diagram of p-nitrophenol and p-aminophenol. 
It should be noted that the points between 20 and 50 
per cent p-aminophenol could not be investigated with 
any certainty due to the ease of decomposition of these 
mixtures. Mixtures of solutions evaporated in the 
presence of air do not give well-defined melting points 
or agree with values obtained with solutions evaporated 
in a vacuum desiccator over sulfuric acid. The part 
of the curve indicated by a broken line was obtained 
from accurately weighed mixtures of the two com- 
ponents which were thoroughly ground together in an 
agate mortar moistened with a few drops of ethanol, 
dried rapidly in air, and ground again. Kremann”* 
obtained two eutectic mixtures with p-nitrophenol and 
m-aminophenol, one melting at 81° with 70 per cent of 
p-nitrophenol, and another melting at 83° with 51 per 
cent of p-nitrophenol. There is a maximum at 85°, 
indicating an equimolecular compound with 56 per cent 
of p-nitrophenol. With reference to mixtures of p- 
nitrophenol and p-aminophenol, it is stated that the 
system could not be investigated, owing to the ease of 
decomposition of mixtures containing these two com- 
ponents. In the present investigation of the reduction 
of p-nitrophenol, mixtures which showed a melting 
point below 100° were not considered significant. 
Table 4 shows the efficiency of various catalysts meas- 
ured by the reduction of 1 g. of p-nitrophenol dis- 
solved in 20 ml. of 95 per cent ethanol. The dispersers 
used had the same porosity and same area. A tem- 
perature of 60° C. was used, for it was found that al- 
though the reduction can be effected at 25°, the time is 
shortened at 50 to 60°; further, p-aminophenol sepa- 
rates out as solid at 25° and clogs the disperser. The 
pressure required to force the hydrogen through the 
disperser was approximately 0.05 of an atmosphere, al- 
though small variations could not be avoided, due to the 
fact that the apparatus was not primarily developed 
for quantitative measurements. It should be em- 
phasized that the primary purpose of these tests was 
to determine whether a given catalyst under the condi- 
tions of the experiment would reduce p-nitrophenol 
rapidly, slowly, or extremely slowly. Differences of 10 
minutes are not considered significant. The data 


23 KREMANN, LAPFER, AND ZAWODSKY, Monatsh. 41, 499-542 
(1921). 
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shown in Table 4 indicate that platinic oxide is the 
most efficient catalyst for the reduction of p-nitro- 
phenol. Platinum black was prepared according to 
several methods but did not give consistent results; 
moreover, the platinic oxide catalyst proved very ef- 
ficient in the reduction of unsaturated compounds. 
Since platinic oxide catalyst prepared from residues 


TABLE 4 
EFFICIENCY OF VARIOUS CATALYSTS FOR REDUCTION OF p-NITROPHENOL* 
AT 60° 

Mg. Time Per Cent 

Catalystt Used (Min.) Reduction 

Platinum blackt 200 30 60 to 100 
Platinized asbestos No. 15§ 200 60 70 
Platinum oxide No. 16] 100 26 100 
Platinum oxide No. 16 50 26 100 
Palladium black 200 60 100 
Palladium oxide** 100 38 100 
Palladium oxide tt APW 100 40 90 
Nickel catalyst 29tt 1000 120 55 
Nickel catalyst 32 §§ 700 120 20 
Raney nickel 40|| || 600 120 60 
Raney nickel 49|| || 1800 120 85 
Raney nickel 49] || 1800 140 100 


* One gram p-nitrophenol dissolved in 20 ml. ethanol (95 per cent) con- 
tained in a 25 X 250-mm. pyrex test tube; hydrogen passed through the 
solution at the rate of 80 ml. per minute. 

+ Number of catalyst identifies lot. 

t Reduction of chloroplatinic acid with H2CO in alkaline solution. 
tivity of different lots extremely variable. 

§ Platinum black precipitate on purified asbestos fiber; amount represents 
actual platinum. 

|| Prepared according to Adams-Voorhees’ directions from pure chloro- 
platinic acid. 

{ Palladium by reduction of the chloride with hydrazine. 
consistent. 

** Prepared according to Shriner and Adams by fusion of the chloride with 
sodium nitrate [J. Am. Chem. Soc., 46, 1683 (1924) }. 

tt Palladium oxide on a zirconium oxide carrier. 

tt By reduction of nickel formate at 280°. 

§§ Precipitated on silica gel by reduction of nickel carbonate at 300°. 

lll Prepared according to directions by Adkins. 


Ac- 


Results not 


which had been used three times previously showed as 
good, or even in some cases improved activity, it was 
used for most of the work reported. Table 5 shows the 
efficiency of various lots of platinic oxide catalyst and 
the influence of the amount of catalyst upon the time 
required for reduction of 1 g. of p-nitrophenol. 


TABLE 5 
EFFICIENCY OF VARIOUS LOTS OF PLATINIC OXIDE 

Platinic Oxide Amount Time Per Cent 

(Mg.) (Min.) Reduction* 
No. 10f 100 38 100 
No. 10f 50 40 100 
No. 16f 100 26 100 
No. 16f 50 26 100 
No. 58t 50 15 100 
No. 70t 50 18 100 
No. A.P.W.§ ‘ 50 36 100 
No. 16 || 50 26 100 
No. 16 25 52 100 
No. 16 25 30 80 
No. 16 10 120 100 
No. 16 10 60 70 
No. 16 10 30 55 


* Measured by the reduction of 1 g. p-nitrophenol dissolved in 20 ml. 
ethanol (95 per cent) contained ina 25 X 250-mm. pyrex test tube; hydrogen 
passed through the solution at the rate of 80 to 100 ml. per minute. 

t From pure chloroplatinic acid. 

t Prepared from platinum residues. 
traces of iron. 

§ Commercially available PtOz from American Platinum Works. 

|| This catalyst was used in four successive runs: second required 28 
minutes; third required 40 minutes; in the fourth run at 63 minutes there 
was 78 per cent reduction. 


Contains about 5 per cent PdO and 


When 200 mg. of platinic oxide are used, a consider- 
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able quantity remains in the bottom of the tube unless 
there is vigorous agitation by the escaping bubbles of 
the gas. It was found that if the catalyst is in a fine 
colloidal form, there is very little tendency to settle, 
except toward the end of the reduction when there are 
often flocculation and settling. For practically all 
semimicro hydrogenation of 1 to 2 g. of substance, 50 
mg. of platinic oxide are used. Generally, the ef- 
ficiency of the platinic oxide is related to particle size. 
This is shown by platinic oxide, A.P.W. (Table 4), 
which is a commercially available catalyst. In use it 
shows a tendency to settle both in the oxide form and 
when reduced to platinum black; the time required for 
reduction of 1 g. of p-nitrophenol is 36 minutes. 
If the oxide is ground in an agate mortar the time is 
reduced to about 25 minutes. As noted by Adams, the 
efficiency of the platinic oxide diminishes with use. 
In the reduction of p-nitrophenol it was found that 50 
mg. could be used twice without appreciable difference 
in the length of time required for reduction. After the 
second time the activity drops to about one-half. 


MICROPOROUS DISPERSERS 


The microporous disperser used in this work consists 
of a glass tube 200 to 250 mm. in length and 4 to 5 mm. 
in diameter, sealed at one end into a small porous tube. 
The porous tube is 6 mm. in diameter and closed at one 
end; the length of the porous tube can be varied from 
25 to 35 mm. If small amounts of liquid are to be 
hydrogenated the porous tube can be shortened. The 
glass tube may be sealed to the porous tube by cement 
or may be directly fused. The porous tube or the com- 
plete disperser is commercially available at a small 
price.*4 

Dispersers with maximum pore size of 10, 25, and 
50 microns were tried. For convenience these porosities 
will be designated as 1, 2, and 3, respectively. The size 
of the bubble emitted by each tube is not the same as the 
maximum pore size, but is a function of the pressure of 
the gas within the disperser, the surface tension of the 
liquid, and of the pore size of the disperser. Generally, 
the size of the bubble produced by the passage of hydro- 
gen through the mixture of catalyst and alcohol is 
diminished as soon as the organic compound is added; 
a number of compounds reduce the surface tension ap- 
preciably and cause a slight foam to appear on top of 
the liquid; in such cases the rate of hydrogenation is 
increased. Microporous dispersers of porosities 1 and 
2 are not recommended for semimicro hydrogenation 
if the hydrogen is generated by the arrangement shown 
in Figure 1, since the pressure required to effect the 
passage of hydrogen through the solution is much 
larger than that required by a disperser of porosity 3. 
For student use dispersers with porosity 3 are recom- 
mended. Dispersers of porosity 1 and 2 may be used to 
advantage in laboratories where a small tank of hydro- 
gen is available, since the smaller the size of the bubble 





4 From Wilkens-Anderson Co., Chicago, Illinois, for about 
50 cents each. 
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the greater the rate of reduction. For example, using 
the conditions described in Table 4, and the same 
amount of catalyst, the reduction is effected in 10 
minutes by a disperser of porosity 1, in 14 minutes by a 
disperser with porosity 2, and in 16 minutes by a dis- 
perser of porosity 3. These results indicate that with 
the same amount of catalyst, the smaller the size of the 
bubbles, the greater the rate of reaction. 

It was previously mentioned that the surface of the 
disperser is regarded as the region in which the greater 
part of the reaction takes place. A number of ob- 
servations give evidence for this assumption. In the 
reduction of one gram of p-nitrophenol at 25° in 20 ml. 
of ethanol, a considerable amount of p-aminophenol 
begins to separate out after the reduction has passed 
the midpoint, and as a consequence the disperser be- 
comes clogged. At 60° the solubility of the amino- 
phenol is such that at no time do crystals separate out; 
however, after the reduction has passed the midpoint 
the pressure rises, and the disperser must be removed 
and cleaned by dipping it in a small volume of hot 
ethanol, which indicates that at the region of the pores 
the solution becomes supersaturated with respect to 
p-aminophenol, which crystallizes within the pores, 
thus closing them. 

Other experimental evidence is obtained from a series 
of experiments summarized in Table 6. It will be noted 
that even after 5 liters of hydrogen have passed through 
a solution of p-nitrophenol, no appreciable reduction 
has taken place. The melting point of p-nitrophenol 
was lowered by 2 to 3°, an amount insufficient to be re- 
garded significant. When the catalyst was added and 
the glass capillary was lowered just above the catalyst, 
a small but measurable reduction took place after 2 
liters of gas had been passed through. The reduction 
was increased to 50 per cent when the bubbles from the 
capillary emerged in the region of the catalyst. In 
this case, however, the opening of the capillary began 
to close by the deposition of p-aminophenol, and it was 
necessary to stop the flow of hydrogen and remove the 
capillary for cleaning. 


TABLE 6 


COMPARISON BETWEEN A MICROPOROUS DISPERSER AND GLASS CAPILLARY 
IN THE REDUCTION OF ~-NITROPHENOL* 


Maximum Reduc- 

Pore Rate tion 

Size PtO2 Time Hydrogen (MI./ (Per 

Disperser (Microns) (Mg.) (Min.) (Liters) Min.) Cent) 

Glass capillary 150 0 200 5.0 25 0 

Microporous 50 0 50 5.0 100 0 

No. 3 

Glass capillaryt 150 50 40 2.0 50 10 

Glass capillaryt 150 50 40 2.0 50 50 

Microporous 50 50 10 2.0 200 100 
No. 3§ 


* One gram of p-nitrophenol in 20 ml. ethanol at 60°. 

t Glass capillary opening near bottom of tube just above catalyst. Only 
minute amount of catalyst was disturbed by bubbles of gas. 

t Capillary opening at bottom of tube so as to keep catalyst agitated. 

§ All catalyst in turbulent agitation. 

The rate at which the gas is passed through the solu- 
tion is an important factor in determining the rate of 
reduction under the conditions described. The flow of 


gas should be sufficient to keep the catalyst in agitation 
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and at the same time produce bubbles sufficient in 
number to cause a slight foam at the upper surface of 
the liquid. Table 7 lists the results of several runs in 
which the temperature and the rate of flow of gas 
through the microporous disperser were varied. It 
will be noted that there is no appreciable difference be- 
tween the time required at 45° and 60°, although the 
difference is marked between these and 25°. The 
influence of the rate at which the gas is dispersed in the 
solution is due to the greater agitation of the catalyst 
and the greater surface of gas exposed per unit time. 
In one run similar to the last listed in Table 7, samples 
were withdrawn at 3, 6, 9, and 11 minutes. The re- 
duction as indicated by the melting point of the crys- 
tals obtained on evaporation of the sample had pro- 
ceeded to 55, 65, 91, and 100 per cent, respectively. 


TABLE 7 


EFFECT OF TEMPERATURE AND RATB OF FLOW OF HYDROGEN IN THE REDUC- 
: TION OF ~-NITROPHENOL* 


Rate of Time for 
Temperature Flow for H2t Total Complete 
6. (M1./ Min.) Hydrogen Reduction 

25 140 to 160 4500 31 

25 80 to 100 3500 39 

45 140 to 160 2500 15 

60 80 to 100 2500 26 

60 140 to 160 2000 13 

60 180 to 200 2200 11 


* One gram of p-nitrophenol dissolved in 20 ml. ethanol with 50 mg. of 
platinic oxide catalyst (Lot 70) added. ‘ 
t Internal pressure of gas 0.05 to 0.1 atmospheres. 


REDUCTION OF ORGANIC COMPOUNDS 


In the teaching of organic chemistry, use of semi- 
micro hydrogenation can be made to advantage. In 
preparative work a number of compounds can be syn- 
thesized, and in qualitative organic analysis, deriva- 
tives can be prepared easily and rapidly. The applica- 
tion to analysis of semimicro hydrogenation and other 
microtechnics will be discussed in a later paper. In 
elementary organic chemistry the method can be ap- 
plied to illustrate the catalytic reduction of an aldehyde, 
unsaturated, or nitro compound. Table 8 shows a 
number of compounds which are well adapted to such 
experiments. It should be noted that toluene is used as 
solvent for the hydrogenation of allyl alcohol to n- 
propyl alcohol. The completion of the reaction is 
determined by removal of a few drops of the toluene 
solution which are tested with dilute bromine solution 
in carbon tetrachloride. The use of toluene permits 
the conversion of the u-propyl alcohol to the 3,5-di- 
nitrobenzoate, which could not be accomplished if 
ethanol were used as a solvent. 
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Although the general procedure followed is the same 
in all reductions, it is considered of importance that 
since the student deals with small amounts, accurate 
and detailed directions should be given. In many 
cases very slight modifications in the general procedure 
were used in the recovery of the product. For example, 
after the reduction of p-nitrophenol is complete, and 
the catalyst has settled, the aminophenol may be ob- 
tained without appreciable loss by evaporating the 
alcohol in an open dish over a water bath. The same 
procedure applied to the reduction of p-nitrotoluene 
to p-toluidine will cause serious losses, since the vapor 
pressure of the product is considerable at the boiling 
point of ethanol. The present paper gives details for 
the reduction of a number of nitro compounds which 
are listed in Table 9. Those which do not yield well- 
defined solid amino compounds were converted to a 
crystalline derivative. For example, the ortho- and 
meta-aminobenzoates are oils at room temperature 
and do not crystallize easily on cooling. Therefore to 
test their purity they were hydrolyzed to the corre- 
sponding amino benzoic acids. Likewise, aniline was 
converted to acetanilide. Table 9 shows the reduc- 
tion of these nitro compounds. 

The reduction of most nitro compounds proceeds 
rapidly and smoothly. A few, such as the diamines and 
ortho- and meta-aminobenzoates, present some dif- 
ficulties in isolation. The reduction of p-nitrochloro- 
benzene is of interest since the reduction takes place 
together with dehalogenation. As the hydrogenation 
proceeds, the pH of the solution diminishes until the 
reaction has proceeded to about 60 per cent, when the 
activity of the catalyst diminishes. The loss of activ- 
ity by the catalyst can be inhibited to a certain ex- 
tent by addition of small amounts of sodium bicarbon- 
ate (0.2 g.), so that the pH of the solution remains at 
about 7.1 to 7.5. Under these conditions, it is possible 
to isolate in the products an oil from which impure 
p-chloroacetanilide can be prepared through the action 
of acetic anhydride. 


EXPERIMENTAL PART 


General Directions for Semimicro Hydrogenation. 
For the hydrogenation of nitro compounds and unsatu- 
rated acids, ordinary 95 per cent ethanol is used, al- 
though methanol can be used in most cases. In the 
case of hydroxy compounds such as allyl alcohol or 
unsaturated hydrocarbons, toluene or xylene is used. 
For 1 g. of substance to be reduced about 20 to 
25 ml. of solvent is sufficient. Approximately 50 mg. 


TABLE 8 


SEMIMICRO HYDROGENATION OF SEVERAL COMPOUNDS 


Compound M. pd. or B. p. Time 

Reducgd* (Ct Solvent (Min.) 
Salicyl aldehyde 1-2 Ethanol 40 
Allyl alcohol 96-97 Toluene 60 
Maleic acid 136 Ethanol 40 
Cinnamic acid 132-133 Ethanol 40 
p-Nitrophenol 113 Methanol 20 


’-Nitrophenol 113 Ethanol 26 


Amino Yield Obs. it. 
Compound (G.) 3 Cen 
Salicyl alcohol 0.5 86-87 86 
n-Propy] alcohol 0.7 70-71f 74 
Succinic acid 0.9 179-180 180-181 
Hydrocinnamic acid 0.9 47-48 48-49 
p-Aminophenol 0.7 182-183 184 
p-Aminophenol 0.7 182-183 184 


* In all runs 1 g. of substance dissolved in 20 ml. of solvent was used. Platinic oxide catalyst 50 mg. 


t Melting points or boiling points of compounds used. 
t Melting point of 3, 5-dinitrobenzoate. 
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TABLE 9 
SEMIMICRO REDUCTION OF NITRO CoMPOUNDS By CATALYTIC HYDROGENATION AT ATMOSPHERIC PRESSURE* 
M. p. or B. dD 
M. p. or B. p. Time Yield Obs. Lit. 

Nitre Compound °C.) (Min.) Name (G.) (3 (°C.) 
p-Nitrotoluene 51-52 30 p-Toluidine 0.6 42-43 45 (42-43) 
Nitrobenzene P 209-210 30 Aniline 0.8t 113-114 113-114 
m-Dinitrobenzene 89-90 27 m-Phenylene diamine 0.8f ett 63 
p-Nitroaniline 146-147 20 p-Phenylene diamine 0.72 138-139 140 
o-Nitrobenzoic acid 144-145 30 o-Aminobenzoic acid 0.70 142 144-145 
m-Nitrobenzoic acid 138-139 30 m-Aminobenzoic acid 0.70 172 173-174 
p-Nitrobenzoic acid 236-237 30 p-Aminobenzoic acid 0.70 182 187-188 
p-Nitrophenol 113 26 p-Aminophenol 0.7 182-183 183-184 
o-Nitrophenol 44 30 o-Aminophenol 0.7 167-168 170(173) 
Ethyl-p-nitrobenzoate 55-56 15 Ethyl-p-aminobenzoate 0.71 91-92 91-92 
Ethyl-o-nitrobenzoate 148-150§ 30 Ethy1-o-aminobenzoatell 142|| 144 
Ethyl-m-nitrobenzoate 40-41 30 Ethyl-m-aminobenzoatel| Saae 172} 173 
p-Nitrochlorobenzene 83-84 60 p-Chloroaniline] Fie 179-180 179 


* One gram of nitro compound in 20 ml. of ethanol at 50 to 60°, with 50 mg. of PtO:. 


+ Converted to and weighed as acetanilide. 

t Weighed as hydrochloride. 

§ At 10 mm. pressure. 

|| Oils, converted by hydrolysis to the corresponding acids. 


{ Considerable dehalogenation together with reduction. Product could not be crystallized; converted to p-chloroacetanilide. 


of catalyst are added to the solvent contained in the 
hydrogenating tube, and the rubber stopper holding the 
disperser, microcondenser, and outlet is inserted. 
The disperser is connected to bottle, C, Figure 1, and 
the outlet tube to exhaust. About 15 ml. of 25 per 
cent sulfuric acid are added to the hydrogen generator 
which contains 20 to 50 g. of zine and 50 ml. of water. 
The gas is allowed to pass through the suspension of 
platinic oxide to reduce it itv platinum black. The 
displacement of air through the suspension has been 
found to help rather than hinder the reduction. The 
time required for conversion of the oxide to platinum 
black varies from 2 to 5 minutes. If it takes 
more than 5 minutes the activity of the catalyst will 
probably be poor. While the reduction of the oxide 
proceeds, the hydrogenating tube is immersed in a 600 
to 800-ml. beaker containing water at about 60°. The 
temperature is kept at 50 to 60° by adding hot water 
from time to time. When the dispersed oxide in the 
hydrogenating tube has turned black, the stopper is 
raised and 1 g. of the substance to be reduced is added. 
The stopper is replaced and the tube is gently shaken so 
as to wash the compound adhering on the sides of the 
tube. The platinum black should show no great 
tendency to settle to the bottom of the tube when 
the flow of hydrogen is stopped, but a large part should 
remain suspended in a fine form. If the platinum 
black tends to settle at once as soon as the flow of 
hydrogen has stopped, the activity of the catalyst is 
poor; in such cases it will be necesssary to remove the 
tube from the bath at frequent intervals and shake it. 
As previously noted, in some cases the platinum black 
tends to settle out rapidly; this can be partially reme- 
died by grinding the oxide in an agate mortar to reduce 
its particle size. 

The flow of hydrogen at the beginning of the reac- 
tion is at such rate that the bubbles emerging in the 
wash bottle can be counted at the rate of 4 to 6 
bubbles per second. The flow is reduced after the 
first 10 minutes to about 3 to 4 bubbles per second. 
When the flow of hydrogen diminishes and addition 
of 5 to 8 ml. of acid is necessary, the rubber tubing 


leading from bottle C to the disperser is disconnected, 
the acid is run in rapidly, and the tubing is again con- 
nected to the microporous disperser. If a permanent 
setup is made it will be convenient to insert a glass 
stopcock in bottle C and connect the stopcock to the 
exhaust. In this manner the gas pressure is released 
without disconnecting the disperser. The time re- 
quired for reduction of a number of compounds is 
given in Tables 8 and 9. If the product is crystalline 
and melts above 50° the reaction can be followed by 
withdrawing 1 ml. through a pipet placed in a watch 
glass and evaporating. Determination of the melting 
point gives information as to the extent of reduction. 
When the reaction is completed the flow of hydrogen 
is stopped, the disperser is raised out of the solution, 
and the tube is allowed to stand for 5 to 10 minutes to 
permit settling of the catalyst. The stopper is removed 
and the liquid poured out slowly so as to retain all the 
catalyst in the tube. For student experiments the 
catalyst in the tube is used a second and a third time by 
adding the solvent and the compound to be reduced 
and then proceeding directly with the reduction. 
When the catalyst is spent, the solution is poured out, 
water is added, and the suspension poured on a filter. 
The same paper is used for filtering residues until 
10 to 20 lots have been filtered. The paper is in- 
cinerated in a clean quartz dish at about 600°. The 
residues are reworked or exchanged for fresh platinic 
oxide catalyst.?® 

In most cases the recovery of the product from the 
solution is accomplished by evaporation of the solvent 
in a dish over a water bath. This method involves 
losses, particularly when the product has considerable 
vapor pressure at the boiling point of the solvent. 
The method followed for isolation is noted for each 
compound. The product obtained by the evaporation 
of the solvent is sufficiently pure in most cases for 
determination of its melting point. It is usually a 
little colored by minute amounts of platinum black, 
and if the product is to be used further it is recrystal- 
lized. 
~ 6 See Table 5, last footnote. 
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Cleaning of the Disperser. The disperser is removed 
after the reduction is completed, and placed in a 6- 
inch test tube with a few ml. of ethanol or methanol. 
The alcohol is sucked several times into the tube just 
‘past the glass junction, and then blown out again. 
It is then removed, and air is blown through to drain it. 
It is cleaned by immersion in a small amount of aqua 
regia and heating in the hood until a vigorous reac- 
tion begins, It is then allowed to stand for a few 
minutes and is washed by aspirating water through it. 
If the suction pump is of metal, the disperser is dipped 
into 10 per cent sodium hydroxide before aspiration. 
After washing with water the process is repeated with 
two successive 10-ml. portions of alcohol, and the dis- 
perser is allowed to dry. Dispersers are still in use 
after over 50 cleanings. If the cement joining the glass 
to the porous tube cracks or chips, it can be patched 
with fresh cement. 

In some reductions, as in the case of p-nitrophenol, 
there is a tendency for the disperser to clog, due to the 
deposition of the product within the pores. There- 
fore it is advisable to have two dispersers available. 
After the disperser has been changed, the clogged tube 
is freed by aspirating warm alcohol through it. 

Materials. Commercial zinc was used in the genera- 
tion of hydrogen. The organic chemicals used were 
obtained chiefly from Eastman Kotak Co., or were 
prepared by standard methods. Chloroplatinic acid 
from different sources yielded catalysts of the same 
activity. 

It should be emphasized that it is far easier to begin 
with a pure compound and obtain a pure product than 
attempt to purify the product by crystallization. 

Salicyl Aldehyde. The standard method is used. 
If the stream of hydrogen is rapid, the reduction is 
completed within 20 to 30 minutes. A sample (1 ml.) 
is withdrawn after about 20 minutes, placed in a watch 
glass, and evaporated over a water bath. The alcohol 
crystallizes when the watch glass is cooled, and the 
residue is rubbed gently with it. If the reduction is 
complete, the crystals melt at 86°. 

Allyl Alcohol. Pure toluene is used as a solvent. 
It is not necessary to dry it over sodium, but it should 
be free from benzene containing thiophene. Platinic 
oxide is reduced, and 1 g. of allyl alcohol is added. 
Before beginning the reduction, the toluene solution is 
tested as follows: To 5 ml. of pure toluene, 0.5 ml. 
of 1 per cent bromine solution in carbon tetrachloride are 
added; after mixing, it is divided equally in two tubes. 
0.2 ml. (4 drops) of the toluene in the hydrogenating 
tube are removed by means of a pipet and added to one 
of the tubes containing bromine. The speed with which 
the color is discharged is noted. This test is repeated 
after passing hydrogen for 30 minutes. The reduction 
is complete when the addition of a sample from the 
hydrogenating tube fails to affect the color of the 
bromine solution. When the reduction to n-propyl 
alcohol is complete, the toluene solution is poured 
from the catalyst into another tube, the required 
amount of 3,5-dinitrobenzoyl chloride added, and re- 
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fluxed for 10 minutes. About 18 ml. of toluene are dis- 
tilled off, and 5 ml. of equal parts of water and ethanol 
added. After the tube is cooled, the crystals of the 
dinitrobenzoate are filtered, washed, and recrystallized. 

Maleic Acid. The standard method is_ used. 
Toward the end of the reaction there is a tendency for 
the catalyst to flocculate and settle out. The reduction 
is nearly complete in 20 minutes; the melting point of 
the product is usually about 172 to 175°. In order to 
raise the melting point of the crystals to 180° it is 
necessary to continue the reduction for about 15 to 20 
minutes with frequent shaking of the tube. An alter- 
native method is to discontinue at 20 minutes and re- 
crystallize the product. 

Cinnamic Acid. The standard method is used. 
After the evaporation of alcohol the oily residue is 
cooled by placing the dish on ice and rubbing gently 
with a glass rod until crystallization begins. 

p-Nitrophenol. The standard method is used with 
25 ml. of ethanol. Clogging of the microporous dis- 
perser occurs after the reduction has passed the mid- 
point, and the disperser is changed. The clogged dis- 
perser is cleared with alcohol as described; toward the 
end it may be necessary to change the disperser. After 
the reduction is complete, the alcohol is poured into a 
small dish and evaporated to a volume of 6 to 8 ml. 
About 2 ml. of water are added, the solution is cooled, 
and the crystals of p-aminophenol are filtered. o0- 
nitrophenol is reduced in the same manner. 

p-Nitrotoluene. The standard method is used. After 
the reduction is complete and the alcohol solution has 
been poured into a dish, dilute hydrochloric acid is 
added drop by drop until the reaction is acid to litmus. 
The solution is evaporated until all the alcohol has been 
driven out; about 5 ml. of water are added, and the 
contents of the dish are cooled for a few minutes and 
filtered. Dilute sodium hydroxide is added to the 
filtrate by means of a dropper until the solution is 
distinctly alkaline. The oil which separates out soon 
solidifies. The mixture is cooled and the crystals of p- 
toluidine are filtered. 

Nitrobenzene. The standard method is used. The 
alcohol is poured into a dish and neutralized with 
glacial acetic acid. After the alcohol has been evapo- 
rated, a mixture of 4 ml. of acetic anhydride and 2 ml. 
of glacial acetic acid is added to the residue. The 
mixture is heated to boiling by a small direct flame for 
about 5 minutes. Water (15 ml.) is added, and 6 NV 
sodium hydroxide solution, until the reaction is neutral 
or slightly acid. After cooling, the crystals of acetanil- 
ide are filtered. No further purification is required. 

m-Dinitrobenzene. The standard method is used. 
The reduction is complete when the yellow color of the 
solution disappears. The alcoholic solution is poured 
into a dish, neutralized with dilute hydrochloric acid, 
and then evaporated to dryness. The salt is converted 
into the diamine by suspending it in 5 ml. of benzene 
and adding ammonium hydroxide solution dropwise 
until, on shaking, the odor of ammonia is noted. The 
benzene layer is separated and evaporated. 
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It required three crystallizations to raise the 
melting point to 172°. 
Ethyl Nitrobenzoates. The standard method is 


I used. The reduction is complete within 20 





minutes, depending on the activity of platinic 
oxide. The p-derivative is crystalline and sepa- 
rates out upon evaporation of the alcohol. The 
o- and m-aminobenzoic esters are oils. For 
identification the alcoholic solution is boiled for 
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10 minutes with 2 ml. of 6 N sodium hydroxide 
solution. The solution is then evaporated and 
acidified to obtain the corresponding aminoben- 
zoic acids. 
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p-Nitrochlorobenzene. After the reduction of 
platinic oxide in 20 ml. of ethanol, 1 g. of p-nitro- 
chlorobenzene is added and the passage of hydro- 
gen started. After five minutes a solution of 
0.15 g. of sodium carbonate in 2 ml. of water is 





added at the rate of 3 drops every 3 minutes. 
The addition is made by raising the rubber stopper 
holding the disperser. The passage of hydrogen 
is continued for about 30 to 45 minutes. The 
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alcoholic solution is filtered, acidified with acetic 
acid, and evaporated. About 5 ml. of water are 
added to the mixture; it is stirred and filtered 
from any unchanged nitroc ompound and evapo- 
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Per cent p-Aminophenol 


FIGURE 2.—MELTING-POINT COMPOSITION DIAGRAM OF p-NITROPHENOL 


AND p-AMINOPHENOL 


Nitrobenzoic Acids. The standard method is used. 
Unless the nitrobenzoic acids are pure, considerable 
difficulty will be encountered in the purification of the 
aminobenzoic acid. For example, a sample of m-nitro- 
benzoic acid with a melting point of 135° instead of 
140° gave on exhaustive hydrogenation m-aminoben- 
zoic acid with a melting point of 167° instead of 174°. 


100 ratedagain. Acetic anhydride (3 ml.) is added to 
the residue, which is heated by means of a small 
free flame for three minutes. Upon addition 
of water (5 ml.), crystals of the acetyl deriva- 
tive separate. Most of the acetanilide present 
remains in solution. The impure p-chloroacetanilide 
is filtered and purified by crystallization. 

The authors wish to acknowledge the help of Dr. 
Gustav Egloff in the bibliography of catalytic hydro- 
genation; and of Rudolph Steinberger, Gladys Cog- 
shall, and Charles Tatter, who participated in certain 
parts of the experimental work. 





MODERN THEORY: A TOOL IN TEACHING ELEMENTARY COLLEGE CHEMISTRY 
(Continued from page 483) 


associated with the hetero atom which tends to increase 
its covalence with the a-carbon of the unsaturated sys- 
tem. 

Instead of resorting to involved empirical rules in 
order to classify ortho-para-, and meta-directing 
groups, the student places the whole question on a 
definite physical basis. Consideration of the stable 
resonance forms of any substituted benzene molecule 
in which the substituent, through the inductive or 
electromeric effect, tends to release electrons to the 
benzene ring, reveals that the effect is transferred 
mainly to the ortho- and para-carbon atoms, facilitat- 
ing an increase in the electron density at these positions. 
Hence, such a substituent will exert an ortho-para- 
directing influence toward electron-seeking reagents, 
and, in general, substitution will be facilitated. The 


opposite effect of a group which tends to withdraw 
electrons from the ring is likewise transmitted chiefly 
to the ortho- and para-carbon atoms, which, as a 
result, are centers of low electron density. Such a 
group is therefore meta-directing, with deactivation. 
It cannot be argued that a few broad concepts of 
the electronic theory afford a complete explanation of 
all the phenomena of organic chemistry, or even that 
all of the facts fit logically into the general picture. 
But the authors contend that wherever the theoretical 
treatment serves as a tool to simplify, correlate, and 
lend physical reality to the phenomena of organic 
chemistry, it should be employed. The challenge to 
take full advantage of all that modern theory has to 
offer in improving the teaching of beginning organic 
chemistry rests with the individual instructor. 




















= issue of Food Materials and Equipment 
carried the following interesting account of a 
“Chemical Dinner” in Lausanne, Switzerland: 


“Claimed to be the first of its kind in Europe, a chemical din- 
aer was served in Lausanne one night recently to show to what 
extent chemistry may come to the help of the country in the 
direst emergency where imports and many natural supplies are 
cut off. The guests included a number of Switzerland’s food ex- 
perts, who were treated to hors d’ouvres of chemically treated 
cellulose flavored with by-products from coal. 

“Principal dish was ‘meat’ made from wood pulp, with syn- 
thetic gravy. The dessert contained coal-tar vanillin with cream 
from the same kind of cellulose that supplied the hors d’ouvres. 
The vegetables were of natural but unfamiliar origin. 

“The chemist-hosts responsible for the dinner are convinced 
that they can save Switzerland from famine in the event of a 
siege. They state that the cost of the dinner was much lower 
than the cost of the equivalents in natural foods, while the 
nutritive values were about the same. Skillful use of flavor 
makes it difficult to distinguish between chemical and natural 
foods, according to these scientists. 

“If the Germans should decide to use the Swiss Alps as a last 
barrier of Festung Europa, they may have a chance to test their 
theories in practice. 

“If the idea were to catch on over here,-wood and coal could 
be rationed and lease-lent to the Swiss, making everybody 
happy.” 


@ Due to the enormous demand for alkyd resin paints 
by the Army: and Navy, the Glycerine Producers As- 
sociation has placed resins first on its research program. 
Looking forward to postwar demands, however, the 
Association sees important prospects for glycerin in the 
food industry. 

Glycerin and phthalic anhydride are essential in- 
gredients for the alkyd resin paints which are used uni- 
versally to protect our ships, tanks, planes, jeeps, 
trucks, and other military equipment against weather, 
salt water, driving sand, rust, and hard wear. Esti- 
mates show that 42 per cent of the 1943 glycerin pro- 
duction available after fulfilling lend-lease requirements 
will go into these extra-tough coatings. 

Next to resins as the objective of glycerin allocations 
this year come explosives. It is expected that 23 per 
cent of the 1943 absolute glycerin production, now 
estimated at about 150,000,000 pounds, will be for this 
war purpose. 

Research has collaborated with various federal 
and state departments and with private individuals 
in the development of an economical quick-freezing 
process using a 50 per cent glycerin solution. It was 


found that by immersion ‘in this liquid, food products 
could be frozen quicker and better, and at higher 
temperatures than those required for air freezing. 
Although the search for new sources of glycerin has 
gone on for several years, up to the present, none has 
been found comparable to animal and vegetable fats 
and oils. 


Experiments in the recovery of glycerin 
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from distillers’ waste have shown laboratory possibili- 
ties which, however, have not been turned to practical 
use, owing to the difficulty of getting the special ma- 
chinery required, and to the doubt of a commercial 
postwar market for glycerin from fermentation sources. 


@ Sodium sulfite, a plentiful, inexpensive, and for- 
merly discarded by-product of the woodpulp, coke, and 
other industries, forms the basis of a newly discovered 
process for low-cost production of industrial alcohol 
needed for war purposes. 

Large-scale experiments are being carried out by 
Schenley Distillers Corporation to determine the 
feasibility of commercial use of the process, which is 
expected to eliminate the use of barley malt in fer- 
mentation and yield concentrated protein as a by- 
product. 

The sodium sulfite is added to a mash of granular 
wheat flour and water which is then cooked. The 
mixture is agitated, water is added, and allowed to 
settle. Almost-pure protein rises to the top and 
starch settles to the bottom, leaving diastase liquor 
in the middle. After the protein and liquor are re- 
moved, the remaining contents are cooked. The dias- 
tase liquor—which is the converting agent, or enzyme— 
is added to change the starch into sugar, which is then 
fermented into alcohol and put through a still, thus 
eliminating use of malt, an expensive ingredient. 


e Mr. William Huber, of the Rhode Island School of 
Design, sent us the accompanying illustration of a test 
tube rack for qualitative organic laboratory work. 
Its advantage is that it makes it possible to observe the 
progress of an organic reaction. Holes the size of a 
test tube are bored at an angle in a block of wood to a 
suitable depth; the block is then planed down until 
the holes are exposed. Dimensions can be adjusted to 
suit the particular needs. 
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e@ From its earliest days, starting at the beginning of 
World War I, displays of new chemicals, metals, and 
other industrial materials have been an important fea- 
ture of each of the Chemical Expositions, and this 
year’s display at the 19th Exposition of Chemical In- 
dustries, which will open in Madison Square Garden, 
New York, on December 6 next, will prove no excep- 
tion to the rule. There will be, for instance, a syn- 
thetic wax to prevent sticking and spoilage of military 
raincoats in the tropics, another substance to prevent 
cracking of synthetic rubbers and resins at low tem- 
peratures in the Arctics and in high-flying planes, 
as well as a complete line of plasticizers, wetting agents, 
and emulsifiers. A new development of water repel- 
lence of textiles is the use of zirconium compounds, 
which will be featured at another display. Included in 
this exhibit will also be demonstrations of the use of 
zircon and zirconium oxide refractories in high-tempera- 
ture operations, as well as zircon compounds as core 
and mold wash materials. 


e By almost magical growth the production of quin- 
acrine hydrochloride, the synthetic substitute for qui- 
nine, commonly known as ‘“‘atrabine,’”’ now approaches 
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7,000,000 tablets a day. This is equivalent to more 
than three times the total prewar world supply of qui- 
nine. Instead of being dependent on foreign soil, 
climate, and cultivation, it can be manufactured wher- 
ever such resources as air, water, oil, and salt are 
available to the chemist. But to achieve the scheduled 
1943 production rate of 2,500,000,000 tablets, American 
pharmaceutical manufacturers must produce six dif- 
ferent intermediates exclusively for this product, be- 
sides drawing on chemical industries for 25,000,000 
pounds of other materials. 


e@ American motorists were assured of an ample sup- 
ply of antifreeze materials for next winter through 
amendment to an order, which will make the ‘‘per- 
manent type’ of antifreeze chemicals available in 
twelve high-altitude states, the War Production Board 
has announced. 

With 45,000,000 gallons of ethyl alcohol allocated for 
civilian use in antifreeze mixtures during the coming 
winter, and the “permanent type” available in 12 
states, it is believed that supply will be adequate for all 
uses in the remaining 36 states. 


Kit for the Field Identification of War Gases 


WE HAVE just received the accompanying illus- 


tration of the Gas Identification Kit described by Claflin 
and Hickey in our July issue and think that our readers 
may be interested in the details. 
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Chemical Agents as Screening Smokes 
FIRST LIEUTENANT DOUGLAS G. NICHOLSON 


Chemical Warfare Service, United States Army 


HE SIGHT of smoke signifies a waste of fuel due to 

improper combustion when viewed by the in- 
dustrial-minded individual. To the forest ranger a 
smoke cloud signifies the presence of a forest fire. The 
military-minded individual views smoke as a material 
of definite value when properly used under specific 
tactical situations. 

From a physical point of view, smoke consists of a 
dispersion of minute particles in the atmosphere. Nor- 
mally we think of these dispersed particles as being 
solid material. We.should also remember that finely 
divided liquid particles, such as fog, have a screening 
effect and a ‘‘smoky”’ appearance. 

The use of smoke in warfare is not particularly recent 
in origin. A river crossing by the forces of Charles XII 
of Sweden was successfully effected in 1701 by the aid 
of a smoke cloud produced by burning damp straw. 
In more recent times both the Allied as well as the Axis 
powers have used screening smoke as an important aid 
in specific operations. 

Smoke was used by the Allied forces at the battle 
of Loos in World War I, in an effort to ‘“‘fill in” a time 
interval encountered in releasing the gas in a cylinder 
gas attack. Shortly before this attack was to “come 
off,” it was noted that the entire gas cloud would be 
released in a shorter time interval than that initially 
intended. Accordingly, gas and smoke were alter- 
nately released so as to utilize the entire planned time 
interval. The effect of this combination of gas and 
smoke on the enemy was very favorable. It was a 
new idea in tactics and caused considerable confusion 
in the enemy ranks. 

Since that time smoke has been given more and more 
consideration as a military material, in defensive as well 
as offensive situations. 

It is generally believed that an attacking force will 
suffer casualties about three times as numerous as those 
of a defending unit of equal strength. Data obtained 
in field studies have tended to indicate that a group of 
riflemen firing at silhouette targets in the field obtain 
55 per cent hits. When the same men fire at the same 
targets blanketed in smoke they obtain but 12 per 
cent hits. On the other hand if the riflemen are 
covered with a smoke cloud and fire out at the same 
targets they obtain only 3 per cent hits. These data 
tend to imdicate that smoke placed on the enemy posi- 
tions will make equal fire-power in the hands of the 
attacking troops about four times as effective as 
that of the enemy. Thus the use of smoke on the 
enemy positions more than offsets the increase in cas- 
ualties normally expected by the attacking force. 
Figure 1 shows these figures from a diagrammatic 
sketch. 
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FIGURE 1.—EFFECT OF BLANKETING SMOKE ON SMALL ARMS FIRE 


Smoke is generally used: (a) to hinder enémy ob- 
servation, (b) to reduce the effectiveness of hostile 
fire, and (c) to hamper hostile operations by causing 
confusion in the ranks. 

On the offensive, smoke may be used: (a) to screen 
the advance of a unit in attack, (b) to protect the flank 
of an attacking force, (c) to blind hostile observation 
and defense areas, (d) to screen movements of troops 
within a friendly position, (e) to deceive the enemy 
as to the place and direction of the attack, and (f) to 
screen a river crossing or a landing force. 

Defensively, smoke may be used: (a) to permit the 
withdrawal of troops exposed to enemy observation and 
fire, (b) to cover changes in the disposition of friendly 
troops within our own lines, (¢) to support counter- 
attacks, (d) to screen enemy observation posts, and 
(e) to screen rear area installations from aerial attack. 

There are several materials which have been used 
or are capable of being used for the production of smoke. 
These materials may be divided into two classes, (a) 
those which form a smoke (opaque or light reflecting 
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material) by means of a thermal reaction, and (}) those 
which consist of substances which react with atmos- 
pheric moisture forming a hydrate or addition com- 
pound. In some cases the final dispersed particles are 
formed as a result of both of these reactions. 

The most common of our smoke-producing munitions 

(1) hexachlorethane-powdered zinc mixture, (2) 
white phosphorus, (3) chlorsulfonic acid-sulfur trioxide 
mixture, (4) titanium tetrachloride, and (5) oil (partial 
combustion) or vaporization (fog-producing) units. 

The hexachlorethane-zinc smoke-producing units 
(Chemical Warfare Service symbol, HC) contain a 
mixture of finely divided zinc and hexachlorethane. 
The hexachlorethane (C2Cls) is a solid that melts at 
184°C. and sublimes at 185°C. The smoke has no 
physiological effect in normal concentrations; how- 
ever, when encountered in heavy concentrations (by 
unmasked personnel), it may cause discomfort. 

In addition to the two above-mentioned materials, 
the HC units contain some ammonium perchlorate to 
oxidize the carbon released in the basic chemical re- 
action [see equation (1)]. Ammonium chloride is also 
present to control the rate of burning and to aid in 
keeping down the temperature of the unit. A small 
amount of calcium carbonate is also present to prevent 
the decomposition of the C2Cls, as well as to stabilize 
the mixture. 

The essential reaction which takes place in these 
units is represented by the following equation: 


3Zn + C2Cls > 3ZnClz + 2C (1) 


Various-sized containers are available for this smoke- 
producing munition. The time of burning depends on 
the size of the container and the mission for which it 
was intended. The smoke pot shown in Figure 2 pro- 
duces a dense cloud of white smoke for 12 to 16 minutes. 























FIGURE 2.—DIAGRAM OF THE HC SMOKE-PRODUCING UNIT 


HC smoke has found extensive use in training pro- 
grams. It is often used to simulate toxic gases. 

It is quite possible that the individual particles of 
the HC smoke are hydrated forms of ZnCl, and not 
the anhydrous material as indicated in equation (1). 
Hydration would take place by union of the particles 
of the anhydrous material with atmospheric moisture 
according to equation (2). 


ZnCl, fe xH,O > ZnCl,-xH,O0 (2) 
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FicuRE 3.—HC Smoke Port, M1, 1n AcrIon 


Since the essential reaction taking place in the HC 
units is exothermic, a slight vertical rise in the smoke 
cloud is produced by the convection currents present. 
With a steady breeze of 3 to 12 miles per hour, the 
initial vertical rise is not objectionable. The smoke 
forms a white cloud which drifts downwind. 

While HC smoke is easily controlled and is of par- 
ticular value for training purposes, it should not be 
considered as the most opaque (smoke of greatest 
obscuring power per unit weight) screening material. 
White phosphorus has an obscuring power slightly 
less than twice (actually 7/,) that of the HC mixture. 

White phosphorus (Chemical Warfare Service sym- 
bol, WP) is a solid which melts at 44.2°C. It reacts 
with atmospheric oxygen, forming phosphorus pent- 
oxide at ordinary as well as elevated temperatures. 
It bursts into flame at a comparatively low temperature. 
This burning material produces a dense white smoke, 
and if thrown from exploding shells or bombs will 
cause severe burns on personnel present. 

The essential chemical reaction which takes vem 
in the burning of WP and in the production of WP 
smoke is indicated below: 


4P + 50, — 2P,0, (3) 


Since the particles of P,O; are very hygroscopic, 
they react with atmospheric moisture according to 
either or both of the following equations: 

P,0; + H:0 — 2HPO; (4) 
HPO; aa H,0 > H;PO, d (5) 


Thus a cloud of WP smoke consists of particles of 
P.O; as well as meta- and ortho-phosphoric acids. 

Since there is considerable heat evolved by the 
burning phosphorus in the formation of phosphorus 
pentoxide, the resulting heated air tends to cause a 
considerable portion of the cloud of smoke to rise. 
Thus, bursting WP bombs and shells are accompanied 
by a rapidly rising smoke cloud as well as a brilliant 
pyrotechnic display. (Each of the flying particles 
of phosphorus produces a streamer of smoke.) 
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Burns on personnel caused by WP are very painful, 
slow in healing, and rather easily infected. Because of 
these effects, WP is often classified as an incendiary 
and casualty munition as well as a smoke-producing 
material. Figure 4 shows a photograph of a bursting 
WP shell. 

A solution of 55 per cent of sulfur trioxide in 45 per 
cent of chlorsulfonic acid is used as a liquid smoke- 
producing material. It has the Chemical Warfare 
Service symbol FS. Its obscuring power is about 1/1 
greater than that of HC smoke mixture. While the 
chlorsulfonic acid (HCISO;) has fair smoke-producing 
qualities, the sulfur trioxide is much more effective in 
this respect. 

The essential reactions involved in the production of 
smoke by FS are: 


SO; -++ H:0 — H.SO, (6) 
HCISO; + H,O — H:SO, + HCl (7) 


The moisture utilized in the two above equations is 
obtained from atmospheric water vapor. It is readily 
seen that this material should normally produce a 
heavier cloud if laid on a damp day, or if laid over water. 

It is quite obvious that this smoke consists of minute 
droplets of sulfuric acid, and thus should have some 
corrosive effect on some of our more active metals. 
Likewise, while it is considered a.harmless agent, a 
high concentration tends to cause a tingling-burning 
sensation when it touches the skin, and extremely high 
concentrations have a definite corrosive action on 
clothing, skin, and metals. 

FS, like HC, has been used extensively as a training 
smoke to simulate some of the more toxic agents. 
Since it is a liquid, it can be sprayed from aircraft as 
well as loaded into shells and bombs. In contrast, WP 
is utilized only as a filling for shells or bombs. 

FM is the Chemical Warfare Service symbol which 
is associated with the liquid screening-smoke material 
titanium tetrachloride (TiCl). This liquid melts at 
— 30°C. and boils at 135°C. When pure it is a water- 
clear liquid, while the commercial product has an amber 
color. This material reacts vigorously with either 
water or water vapor, forming a white smoke of ortho- 
titanic acid [titanium hydroxide Ti(OH),]. 


TiCl + 4H,0 — Ti(OH), + 4HCl (8) 


FM smoke has an obscuring power slightly lower 
than that of the HC mixture. Thus it has the lowest 
value of any of the materials discussed up to this point. 

Since the reaction given in equation (8) indicates the 
necessity of large amounts of water for the production 
of this smoke, it follows that FM is a very satisfactory 
smoke-producing material on bodies of water or in areas 
adjacent to large bodies of water. 

The smokes described above are primarily designed 
for combat screening missions. For the concealment 


Wood cellulose is the most abundant organic raw material in the world.—Laucks 
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of our large rear-area installations, we have two types 
of smoke materials available. 

One of these produces a gray-colored smoke by in- 
complete combustion of a fuel oil. This smoke is most 
effective in protecting and concealing an area or in- 
stallation from a night bombardment. 

An extremely white fog consisting of oil and water 
is capable of being produced by a special type of rear- 
area generator. This unit can produce an effective 
fog screen from 2 to 4 miles downwind from the point 
at which it was produced. Specific wind and terrain 
conditions alter the effective range of this cloud. 

While this latter type of rear-area smoke production 
has been designed primarily for noncombat locations, 
there is no real objection to its use in the protection of 
specific units on or near the front. 





FIGURE 4.—BuURST OF WHITE PHOSPHORUS SHELL 


All of the above-described smokes are classified as 
screening agents which are nontoxic. (WP is also 
classified as an incendiary and casualty agent.) 

Colored smoke grenades have been recently de- 
veloped for use in recognition of ground units by 
friendly aircraft. These materials have been developed 
by the Chemical Warfare Service and are available in 
seven colors: red, orange, blue, green, violet, yellow, 
and black. Brigadier General Waitt has described 
the construction and use of these materials in a recent 
publication.? 

The above discussion is intended only as a brief sum- 
mary of the essential composition of the materials used, 
and of the reactions encountered in the production of 
screening smoke clouds. There is much more in- 
formation required as well as a great deal of data in- 
volved in the successful laying of either area or screen 
smoke clouds. This material is not available for re- 
lease at the present time. 


1 Warrt, “Colored smokes for identification,” The Infantry 
Journal, LII, 6, 41 (1943). 
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Selected References to Biographical Sketches of 


HIGH-SCHOOL CHEMISTRY 


100 Well-known Chemists 


GEORGE L. FRASER 


Williams College, Williamstown, Massachusetts 


REQUENTLY in chemical literature one comes 

across the name of a chemist for which some piece 
of apparatus, synthesis, reaction, or method is named. 
If we pause to consider who the particular individual 
was in real life and the contributions he made to the 
science of chemistry, most of us would have but little 
idea. Even were our curiosity to be aroused in this 
connection we might soon become discouraged in the 
effort to locate a biographical sketch of a particular 
chemist. Biographical material abounds in the litera- 
ture but to the author’s knowledge there has been no 
systematic collection to these numerous articles pub- 
lished with the exception of Berichte, which in 1918 
published a complete up-to-date list of biographical 
references published in that journal, and a “Jubilee” 
supplement of the Journal of the Chemical Society, 
which in 1891 published a complete up-to-date list of 
obituaries and biographical sketches appearing in that 
journal. 

The time and effort spent in compiling references to 
such sketches seems worth while and it is hoped that 
this paper will provide an incentive for some of us to 
read of chemists of the past and present who have con- 
tributed notably to chemical science. The foreign 
language references further serve as good practice for 
those who wish to improve their reading ability in 
these languages, and at the same time afford relaxation. 

The limits of space have made it necessary to shorten 
the list of chemists and references, and the selection of 
both has been purely arbitrary. Journals referred 
to are those most likely to be found in the average scien- 
tific library. Further, the foreign languages have been 


restricted to German and French. 
1. Abderhalden, Emil E,' 14, 201, 236 (1937) 
2. Anschutz, Richard oi . 201 (1932); B, 70, 65 
1937 

B, 63, 1 (1981); C. S., 130, 1380 
(1928); E, 7, 2697 (1930) 

4. Baeyer, Adolph E, 6, 1381 (1929), 7, 1231 (1930); 
N, 100, 188 (1917), 136, 669 
(1935); B, 68, 175 (1935) 

C. S., 31, 512 (1877); EB, 3, 382 
(1926) 

6. Baxter, Gregory P. E, 11, 444 (1934) 

- Becquerel, Henri C. S., 101, 2005 (1912) 

8. Beilstein, F. K. E, 15, 51, 308, (1988); C. S., 

99, 1646 (1911); B, 40, 5041 
(1907) 


4 The following nm macs have been used for some of the 
references: E, J. Cuem. Epuc.; B, Ber.; S, Science; N, Nature; 


3. Arrhenius, Svante 


Balard, Antoine J. 


or 


“I 


Z, Chem. Ztg.; Z. A., Z. angew. Chem.; ¢ Baws Elektrochem.; 
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S.M., Sci. Monthly; A. S., J. Am. Chem. Soc.; C.S.J. Chem. Soc. 


9. 
10. 


‘hi 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 


20. 
21. 


22. 
24, 
25. 


26. 
27. 


28. 
29. 


30. 
31. 


32. 
33. 


Bernthsen, August 


Berthelot, M. 


Biltz, Wilhelm 
Berzelius, J. J. 
Borodin, A. 

Bosch, Carl 

Bragg, Sir Wm. 
Bunsen, Robt. Wm. 
Butlerov, A. M. 
Cannizzaro, Stanislao 
Caro, Heinrich 


Claisen, Ludwig 
Cleve, Per. T. 


Cohen, Julius B. 
Craft, James Mason 
Crookes, Sir Wm. 


Crum Brown, Alex- 
ander 

Curie, Marie S. 

Curtius, Theodore 


Dalton, John 
DeVille, St. Claire 


Dumas, J. B. A. 
Ehrlich, Paul 


Erlenmeyer, Emil 
Faraday, Michael 


Fischer, Emil 
Fischer, Hans 


Fittig, Rudolph 
Franklin, Ed. C. 


Fresenius, R. C. 
Friedel, Charles 
Fritzsche, C. J. 
Gatterman, Ludwig 


Z. E., 31, 389 (1925), 38, 49 
1932) 

E, 3, 1099 (1926), 4, 1217, (1927); 
C. S., 99, 2353 (1911); B, 41, 
4805 (1915); N, 120, 659 
(1927). 

Z. anorg. allgem. chem., 231, 3 
(1936 


Z. A., 43, 325, 351, 366 (1930); 
Laboratory, 4, 19 
E, 8, 1762, 2282 (1931); 18, 521 


(1941 
Z. E., 40, 611 (1934); 46, 333 
1940) 


S, 95, 595 (1942) 


E, 4, 431 (1927); 18, 253 (1941); 


C. S., 77, 513 (1900); 2. #.,17, © 


205 (1911); B, 41, 4875 (1915) 
E, 17, 201, 203 (1940); C. S., 51, 
472 (1887 


E, 3, 1361 (1926); 4, 836 (1927); 
C. S., 101, 1677 (1912) 

E, 7, 2609. (1930); B, 45, 1987 
(1919); 43, 2781 (1917) 

B, 69, 97 (1936) 

C. S., 89, 13801 (1906); B, 38, 4221, 
2415 (1912) 

C. S., 1831 (1935) 

E, +, ‘911 (1 928) 

C. S., 117, 444 (1920); S, 31, 100 
(1910) 


123, 3422 (1925) 
54 (1935 
41, 193 (1928); 43, 723 


S., 
S., 

(1980) 

4, 22 (1927); 3, 485 (1926) 

17 Je (1040); C. S., 41, 235 


, 47, 310 (1885); Bull. soc. 
pS, (5) 1, 1425 (1934) 
B, 48, 1565 (1922); 49, 1223 
(1923) 
C. S., 99, 1649; B, 43, 3645 (1917) 
E, 8, 1493 (1931); C. S., 21, xxi; 
Trans. Electrochem. Soc., 64, 18 
(1932); Trans. Faraday Soc., 
27, 341 (1931); 5S, 73, 483 
(1931); N, 115, 909, 915, 1001, 
1010, 1014 (1925), 128, 333, 482 
(1931) 
B, 54, supplement (1928); E, 5, 
36 (1928), 6, 1191 (1929) 
E, 8, 185 (1931), 15, 351 (1938); 
'M., 32, 190 (19: 931 1) 


C. 
C. 


E, 
E, 
C. S. 


C.'S., 99, 1651; B, 44, 1339 (1918) 


C. S., 583 (1938) ; Ind. Eng. Chem., 
19, 1297 (1941); S. M., 44, 381 
(1937); S, 85, 232 (1937) 

B, 30, 1349 (1904) 


S., 77, 993; B, 32, 3721 (1906) - 


C. S., 25, 345: B, 5, 132 
E, 19, 444 (1942); 54, appendix, 
115 (1928) 
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42. 
43. 
44. 


45. 
46. 
47. 
48. 
49. 
50. 


51. 
52. 
53. 
54. 


55. 


56. 
57. 
58. 
59. 


60. 


61. 


65. 
66. 
67. 
68. 


69. . 


70. 


71. 





Gibbs, J. Willard 
Gibbs, Wolcott 
Grignard, Victor 


Haber, Fritz 
Hantzsch, A. R. 
Helmholtz, H. von. 
Hittorf, Wilhelm 
Hoffman, A. W. 
Ipatieff, Viadimer 


Kekule, August 


Kelvin, Wm. T. Lord 


Kirchoff, G. R. 
Kjeldahl, J. 


Kohlrausch, F. 


Kopp, Hermann 
Korner, Wilhelm (G.) 
Ladenburg, A. 
Landolt, H. 


Langmuir, Irving 


LeChatelier, Henry 


*. 


Liebermann, Carl 
Liebig, Justus von 


Lomonosov, M. V. 
Markovnikov, V. W. 
Mendeléeff, Dimitri I. 


Meyer, Lothar 
Meyer, Victor 
Moissan, H. 


Morley, Edward Wm. 


Nernst, Walter 


E, 5, 507 (1928); S. M., 32, 211 
(1931); N, 143, 233 (1939) 

C. S., 95, 1299; B, 42, 5037 (1916); 
S, 29, 101 (1909) 
Az Si 59, 17 C980); .¢;..S..171 
(1937); E, 7, 1486 (1930); N, 

138, 791 (1936) 

E, 14, 203 (1987); C. S., 1642 
(1939); Z. E., 40, 113 (1934) 

Cc. S., 1051 (1936); B, 68, 65 
(1935); Z. E., 42, 1 (1936) 

C..S., 69, 885; B, 27, 2643 (1901) 

C. S., 107, 582; B, 47, 3233 (1921) 

C. S., 69, 575; B, 35, 1240 (1809); 
51, 1833 (1925) 

E, 14, 553 (1937); Chemistry & 
Industry, 16, 105 (1938) 

E, 4, 697 (1927); B, 36, 4613 
(1903); 29, 1971 (1896); 23, 
1265 (1890); C. S., 73, 97 

N, 77, 175, 199 (1906); S, 27, 1 
(1906); Z, 32, 1 (1908) 

B, 20, 2771 (1887) 

E, 11, 457 (1934); B, 33, 3881 
(1900) 

Am. Chem. J., 43, 384 (1910); 
Z, 34, 65 (1910); Ann. Physik, 
31, 449 (1937) 

E, 14, 3 (1987); C. S., 63, 775 
(1893) 

C. S., 127, 2975 (1925); B, 59, 75 
(1926) 

C. S., 103, 1871 (1913); B, 45, 
3597 (1919) 

C. S., 99, 1653 (1911); Am. Chem. 
J., 43, 425 (1910); B, 44, 3337 
(1918) 

Elec. World, 75, 755 (1920), 79, 
116 (1922); Chem. Bull., 17, 
119, 151 

E, 8, 442 (1931); 14, 555 (1937); 
N, 138, 711 (1936); C. S., 189 
(1938); B, 72, 122 (1939) 

B, 51, 1135 (1918) 

E, 4, 1461 (1927), 8, 211, 215, 218, 
223 (1931), 15, 553 (1938), 18, 
221.(1941)- . C;..S., .27, 1204 
(1874), 28, 1065 (1875); B, 36, 
1315 (1903) 

A. S., 34, 109 (1912); N, 140, 
784 (1937); E, 4, 1079 (1927) 

E, 18, 53 (1941); C. S. 87, 597 
(1905); B, 38, 4249 (1905) 

C. S., 95, 1909, 2077, 2105 (1909); 
E, 14, 372 (1937); WN, 140, 90 
(1937); B, 41, 4719 (1908) 

C. S., 69, 1403 (1896); B, 28, 
971, 1109 (1895) 

C. S., 77, 169 (1900); B, 41, 4505 
1908) 


( 

E, 6, 1609 (1929); C. S., 101, 447 
(1912); B, 40, 5099 (1907) 

E, 6, 191 (1929); C. S., 123, 3435 
(1923); S. 57, 431 (1923), 
73, 276 (1931) 

Z. E., 45, 433 (1939); S. M., 54, 
195 (1942) 


72. 


73. 


74. 


75. 


76. 


(ie 


78. 
79. 


81. 
82. 


85. 
86. 


87. 
89. 


90. 
91. 


92. 


96. 
97, 
98. 
99. 


100. 


Ostwald, Wilhelm 


Pasteur, Louis 
Perkin, Wm. Henry 


(sen.) 
Pictet, Ame 


Priestley, Joseph 
Ramsey, Sir Wm. 


Raoult, F. M. 


Rayleigh, Lord 
Remsen, Ira 


Richards, Theodore 
W. 

Roscoe, Henry E. 

Rumford, Count 

S¢rensen, S. P. L. 

Stas, J. S. 

Stieglitz, Julius O. 

Thiele, Johannes 

Tilden, Wm. A. 

Tieman, J. K. F. 


Tollens, B. 
Urbain, Georges 


van’t Hoff, J. Hen. 


Volhard, Jakob 
Wallach, Otto 
Werner, Alfred 


Wieland, Heinrich 
Williamson, A. W. 
Willstatter, Richard 
Wurtz, Charles A. 


Zsigmondy, R. 
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E, 7, 2697 (1930), 10, 539, 609 
(1933), 11,355 (1934); C. .S., 135, 
316 (1933); S, 75, 454 (1932); 
Z. E., 38, 337 (1932); N, 129, 
750 (1932); B, 65 A, 101 (1932); 
Chemist, 10, 11 (1933) 

C. S., 71, 683 (1897); £, 5, 50 
(1928), 11, 614 (1934) 

C. S., 93, 2214, 2257 (1908); B, 
44, 911 (1918) 

N, 139, 661 (1937); C. S., 1113 
(1938); B, 70, 79 (1937); Helv. 
Chim. Acta, 20, 828 (1937); 
A. S. (Proc.), 60, 1 (1938) 

E, 4, 150-99 (1927), 10, 129, 148, 
151 (1933); C. S., 135, 896 
(1933); S, 64, 317 (1926) 

Cc. S., 4, 369 (1917); S. #., 
9, 167 (1919); Proc. Roy. Soc., 
93, 42 (1910) 

E, 13, 153 (1936); C. S., 81, 969 
1902 


) 

N, 103, 365 (1919) 

E, 6, 1282 (1929), 16, 353 (1939); 
C. S., 129, 3182 (1927); A. S. 
(Proc.), 50, 67 (1928); S, 66, 
243 (1927) 

C. S., 132, 1937 (1930); S, 68, 333 

28 


19 

C. S., 109, 395 (1916) 

S, 68, 67 (1928) 

C. S., 142, 554 (1940); A. S., 61, 
2573 (1939); B, 72, 67 (1939) 
C. S., 63, 468 (1893); £, 15, 353 

(1938) 

A. S. (Proc.), 60, 3 (1988); J. 
Ind. Eng. Chem., 9, 118 (19387); 
Ind. Eng. Chem., 24, 587 (1932) 

B, 60, 75 (1927) 

C. S., 129, 3190 (1927) 

C. S., 77, 600 (1900); B, 34, 4403 
(1901) 

E, 19, 253 (1942) 

E, 17, 103 (1940); N, 141, 1130 
(1938), 142, 1108 (1938) 

E, 6, 827 (1929), 11, 355 (19384); 
C. S., 103, 1137 (1913); B, 44, 
2219 (1911) 

Am. Chem. J., 43, 281 (1883); B, 
45, 1855 (1912) 

E, 7, 1224 (1930); C.S., 134, 1582 
(1932) 

E, 5, 1090 (1928), 7, 1732 (1930); 
C. S., 117, 1639 (1920); Helv. 
Chim. Acta., 3, 196 (1920) 

E, 7, 1763 (1930), 14, 301, 344 


(1937) 

C. S., 87, 605 (1905); B, 44, 
2253 (1911) 

N, 120, 1 (1927); E, 7, 1984 


(1930); Z, 56, 641 (1932) 


N, 101, 165 (1918); C. S., 47, 
328 (1885); Bull. soc. chim., 
(5) 1, 1425 (1934) 

E, 8, 1459 (1931); Z, 53, 849 
(1929); Z.A., 40, 1069 (1927); 
N, 124, 845 (1929); Z. B., 35, 
876 (1929) 


The ceramic industry has been enormously expanded as a result of wartime condi- 


tions. 


In chemical and other industrial plants non-corrosive porcelain pipes, strong 


enough to withstand a pressure of 150 pounds per square inch, are replacing those made 
of stainless steel. More than 75,000,000 pieces of chip-proof china were made last year 


for the armed services. 


The same kind of stone crocks which are used for preserves at 


home are now holding laundry bleach and rice or other dry staples at Army camps, or 


strong acids in chemical plants. 








Some Hints on How to Study 


CHARLES J. HEIMERZHEIM 
Brooklyn College of Pharmacy of Long Island University, Brooklyn, New York 


i bron ARTICLE is inspired by the fact that very 
few students consciously study the activity which 
occupies most of their time, 7. e., studying. If inter- 
rogated regarding the matter each will assert that ‘‘he 
has his own method,” but when further pressed he 
usually admits that there is nothing scientific about it. 


BASIC PSYCHOLOGY: INVOLVED IN STUDYING 


Since studying is an activity of the mind, the logical 
approach is to consider some of the important facts 
which psychologists have proved to be involved in the 
process of learning. The following are worthy of par- 
ticular attention: 

1. About 90 per cent of all humans belong to what 
is called the ‘‘visual type.’’ They remember best what 
they see. Their memory of what they hear is dis- 
tinctly inferior; and when it comes to remembering 
odors and tastes, they are usually lost. 

2. Associating new ideas with those already a part 
of the mental storehouse helps greatly in memorizing. 

3. Coincident sense stimuli applying to the same 
idea tend to fix things rather firmly in the mind. 

4. Periodic reviews help more than ‘‘cramming.”’ 


THE ‘‘TAKING OF LECTURES” 


There are two good reasons why you should make 
notes while listening to lectures: The first is that since 
you are probably of the ‘‘visual” type, the mental pic- 
tures of what you write constitute a distinct aid. The 
second is that the coincident visual and auditory stimuli 
will tend to ‘‘fix” things in your mind. However, you 
are cautioned not to take lectures verbatim unless the 
lecturer directs you to, since while doing so you will 
be kept so busy that you will not be able to correlate con- 
sciously the visual and auditory stimuli, nor will you be 
able to ‘‘reason along’”’ with thelecturer by associating the 
new ideas with those you are already familiar with. ... 
In addition there is the matter of assuming a proper 
mental attitude in the lecture room. If you attend the 
lectures with the idea of ‘‘getting the notes’ and 
straightening them out at home, you are just wasting 
your time. The lecture hour should be considered as 
much a learning period as the quiz hour. Therefore, 
during lectures you should listen intently, taking time 
out to make notes only after you have crystallized each 
idea in such a way that the writing of a few terse 
statements will give you a proper record.... Finally, 
when the lecturer announces that he is going to dis- 
cuss a particular topic, immediately write down a topic 
heading and underline it. Then the statements apply- 
ing to that topic will not be all jumbled up with those 
applying to the topics immediately before or after. 


Furthermore the use of an inch or two of white space 
between topics tends to cut down the jumbling of 
ideas; and writing legibly, and using exclamation 
points, asterisks, etc., to indicate important state- 
ments, all help. (It is obvious that the way you 
record your lectures on paper will greatly resemble the 
way the ideas are recorded in your mind.) 


REWRITING LECTURES AT HOME 


Probably the most important phase of home study 
is the rewriting of lectures. This should be done soon 
after the lectures have been taken, since there is then 
less chance of misinterpretation; and of course it 
should not involve word for word copying. At this 
time you should check every statement against what 
you find in your textbooks and in the notes that you 
have taken previously. Then you should write up the 
material in the form of review sheets, using the outline 
idea and your own words rather than those of your 
lecturer. This will tend to organize the ideas in your 
mind. (Note how all four of the basic psychological 
advantages come into play in this rewriting of your 
lectures.)... Incidentally it is probably not amiss 
at this time to urge you, as a student, to discard the 
implicit confidence in your teachers which you acquired 
when you were a child. Teachers are far from infal- 
lible—and that goes for textbooks too. Therefore 
when you rewrite your notes check everything care- 
fully. 


PERIODIC REVIEWS VS. ‘‘CRAMMING” 


There is no doubt that the student who depends 
upon cramming periods just before examinations re- 
members little after the examinations are over, whereas 
the student who utilizes spaced reviews during the period 
of a course gains everlasting knowledge. However the 
objection might be raised that repetitious reviews are 
uninteresting and, therefore, not of such great value. 
The answer to this objection is that repetitions can be 
made interesting if the form of the review is different 
each time. In addition to the rewriting of lectures, the 
following constitute interesting forms of review: (1) 
Writing up questions and answers relating to the mate- 
rial of the lectures. The value of this lies in the fact 
that it gives the student practice in the very activity in 
which he is required to engage when taking written 
examinations, 7. é., the writing of answers to questions 
in his own words. (2) Having another student quiz 
you. This prepares you for self-expression during 
quiz periods. (3) The preparation of small review 
cards which can:be carried in a pocket and referred to 
readily. (4) Soliloquy. This is especially helpful to 
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those students who ‘“‘cannot study with others.’’ (5) 
Underlining the statements in your textbook which you 
have difficulty in remembering; and then periodically 
rereading only those statements. 


THE USE OF MNEMONICS 


Some highly descriptive courses involve the memoriz- 
ing of a mass of facts, and not much else. They are 
relatively uninteresting to the student who likes to 
reason and that is why such a student very often makes 
poor grades in them. The use of mnemonics solves 
this problem: Most everyone knows the use of the 
word ‘“VIBGYOR” by students of physics. It en- 
ables them to remember the colors of the solar spectrum, 
in their proper order: violet, indigo, blue, green, 
yellow, orange, and red. But students should not be 
satisfied to use only the few memory helps which their 
teachers pass on to them. They should make up their 
own. For instance, the following are some of the ideas 
that the author used when he was an undergraduate 
student. These may or may not be original. 

1. The coincidence that ‘““V” was the Roman nu- 
meral standing for five, and at the same time the sym- 
bol for vanadium, fixed the position of the element 
indelibly in the fifth vertical column of the Periodic 
Table. . 

2. The words ‘‘chromo” and ‘Western Union” 
recorded the periodic relationship of chromium and 
molybdenum in the one case, and tungsten and uranium 
in the other. 

3. The words “multiple” and “meta” were applied 
to remember that the groups attached to the benzene 
ring which contain multiple bondings between atoms 
tend to be meta directing, e. g., the nitro, carboxy, ni- 
trile, and aldehyde groups. 

4, The correspondence in the ‘‘end” letters of the 
words “‘blue” and “‘base,” and in the words ‘‘red’’ and 
“acid” suggested the meanings of the “‘end”’ reactions 
in the use of litmus paper. 

5. ‘‘Alkalies” being one word and ‘‘alkaline earths” 
being two, these two groups were forever differenti- 
ated on the basis of the valencies of 1 and 2. 

Many more mnemonics similar to those above might 
be listed. The time given to the making up of mnemon- 
ics is not wasted as many students think. However 
there is a particular ‘‘knack’”’ which you must acquire. 
Some students compose memory helps which themselves 
are more difficult to remember than the facts they are 
supposed to bring to mind. Others know the tricks of 
the game. For instance, alliteration helps you to recall 
example number three above, etc. Above all, every 
student should spend some of his time making up mnemon- 
ics. 


THE MASTERY OF SCIENTIFIC TERMS 


It is a well-known fact that the majority of scientific 
terms are nothing but combinations of Latin or Greek 
prefixes and suffixes. Yet the average college fresh- 
man is woefully lacking in even the most elementary 
ideas of etymology. For instance, it would be inter- 








509 


esting to ascertain what percentage of first-year students 
know the meaning of the suffix, ‘‘-lysis.’”’ The dic- 
tionaries say it refers to a “‘loosening”’ or a ‘‘dissolution”’ 
but I personally like to think that it imparts the idea 
of a ‘‘decomposition.”” Considering words like ‘‘hy- 
drolysis,” “‘pyrolysis,”’ “electrolysis,” ‘“‘photolysis,”’ and 
“chemolysis.”” These might be thought to refer to 
“decomposition due to the action of water, heat, elec- 
tric current, light, and chemicals,” respectively. Like- 
wise the words ‘‘hemolysis,’’ ‘‘leucolysis,”’ ‘‘osteolysis,”’ 
“neurolysis,” ‘‘erythrocytolysis,” etc., mean ‘‘decom- 
position of blood, white blood cells, bone, nerve tissue, 
and red blood cells, respectively. 

It is obvious that if the student learns the meaning 
of “‘-lysis’”’ in his freshman year he will be in a position to 
understand the scientific terms listed above as soon as 
he comes to them; that is, of course, if he is familiar 
with the ideas imparted by the rather common pre- 
fixes occurring in these combinations. And so it is 
that the embryonic collegian can help himself immeasur- 
ably if he will assiduously break up scientific terms into 
their components. An unabridged dictionary is then all 
he needs, and if he hasn’t one at home he ought to buy 
one. Dollar for dollar, there is no better book value 
on the market. 


THE IMPORTANCE OF GENERALIZATIONS 


If you ask a trained chemist whether or not sodium 
phosphate is soluble he will give you the proper answer 
immediately. He will not have to think back to 
what he has learned about that particular salt because 
he knows that, with few exceptions (of which sodium 
phosphate is not one), nearly all sodium, potassium, 
and ammonium salts are soluble. Furthermore that 
same chemist would think you were spoofing if you 
asked him whether or not chromic nitrate were soluble, 
because he would take it for granted that everyone 
knows that all the common nitrates are soluble. But 
ask the neophyte similar questions on solubilities and 
he will usually admit that he has only hazy ideas re- 
garding the answers. 

The value of solubility generalizations to students of 
qualitative analysis is inestimable and it was with that 
idea in mind that I compiled a rather complete chart 
which was published in the August, 1941, issue of the 
JOURNAL OF CHEMICAL EpucaTION. The following 
are a few of the generalizations found in the chart: 
(1) Most of the commonly used salts of the mono- 
basic acids are soluble, with the exception of iodates, 
fluorides, metaphosphates, cyanides, and thiocyanates. 
(2) Most of the salts of the di-, tri-, and tetrabasic 
acids are insoluble, with the exception of sulfates and 
thiosulfates. (And of course the sodium, potassium, 
and ammonium salts of these acids are soluble.) (3) 
Nearly all oxides, hydroxides, and basic salts are insolu- 
ble, the hydroxides of sodium, potassium, ammonium, 
and barium being exceptions, as are also the basic ni- 
trate and basic acetate of lead. (4) Practically all silver 
salts are insoluble, the nitrate, chlorate, perchlorate, 
and fluoride being exceptions, etc. 
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Getting back to the trained chemist again: If you 
ask him whether or not we might expect substitution 
into the ring of nitrobenzene to take place in the “‘meta”’ 
position he will immediately answer in the affirmative 
because some orientation rule he has memorized con- 
stitutes his clue. Or if we ask him whether or not ace- 
tone gives the “‘iodoform’’ reaction he will again know 
the answer because he knows that any compound which 


contains the CHsC€ group should give it. In other 


O 

words, the practical chemist has his mind full of as many 
generalizations as he has been able to cull during his 
years of experience. That he finds them valuable must 
be apparent to all. It follows, therefore, that the 
chemistry freshman must make a real effort to gather 
statements of this type, without waiting toe get them 
from his teacher. Incidentally, the laws of chemistry 
constitute some of the most useful generalizations, and 
the student cannot hope to get along unless he masters 
them thoroughly. 


SOME ADDITIONAL IDEAS 


1. Unless you concentrate deeply while studying 
you will accomplish little. You do your best work 
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when you are absolutely alone and in as quiet a place as 
possible. 

2. You cannot hope to excel as a student unless 
your mind is 100 per cent ‘‘on the alert.’’ Studying 
while mentally fatigued represents just so much time 
wasted, so get at least eight hours of sleep every 
night; and watch your health otherwise by adhering 
to a proper diet and avoiding alcoholic liquors, etc. 

3. When you don’t know a theory or fact be “‘big”’ 
about it. Admit that you lack the knowledge and then 
make it your business to acquire it.. And when ex- 
amination papers are returned to you be sure you go 
over your mistakes. The greatest men have made mis- 
takes all through their careers but they have become 
great because they have avoided making the same mis- 
takes over and over again. 


CONCLUSION 


The ideas set forth in this article do not represent 
an ‘‘open sesame”’ to the easy acquisition of knowledge. 
There is still one more idea to be added and that is that 
you will never learn how to study unless you study, 
and study, and study. When a marathon runner pre- 
pares for a race he runs, and runs, and runs. Under- 
stand? 


LETTERS 


To the Editor: 

In the account of the simple demonstration of the 
oxidation of ammonia given by Hauben & Siegel in 
your April issue, it was noted that none of the pre- 
viously described demonstrations show how one can 
take advantage of the exothermic nature of the re- 
action. 

A very simple method of demonstrating the same 
process is in use in this laboratory, and was obtained 
from Professor E. J. Hartung of the University of Mel- 
bourne. The catalyst consists of a helix of stout 
platinum wire that is mounted in the end of a piece of 
soft glass tubing, the tubing is fitted with a flat cork so 
that when the helix is introduced into a conical flask of 
about 1-liter capacity the cork rests loosely on the 
mouth of the flask, and the helix is suspended about 
4 to 5cm. above the bottom of the flask. 

In order to demonstrate the reaction a few cc. of 


concentrated ammonia solution (density 0.880) are 
poured into the flask. The platinum wire helix is then 
heated to bright redness in a Bunsen flame, and while 
still hot is lowered into the flask. The ammonia 
mixed with the air of the flask begins to be oxidized 
at the surface of the catalyst, and within about a 
minute the flask is full of a fine cloud of crystals of 
ammonium nitrate. The exothermic nature of the 
reaction is very obvious from the continued glowing of 
the catalyst which is still visible, even when a suitable 
amount of ammonium nitrate fog has been formed. 

We have always found this demonstration to be very 
simple in operation, and to be quite spectacular. It 
has never been found necessary to treat the platinum 
wire specially other than to be sure that it is cleaned. 

N. S. BayLiss 


UNIVERSITY OF WESTERN AUSTRALIA 
NEDLANDS, W. AUSTRALIA 





PHASE DIAGRAMS AND THE MASS LAW (Continued from page 487) 


data which are available in the published literature 
(cf. 1, 2). If one wishes to consider the probable form 
of these high-temperature diagrams extended to very 
high pressures, one should take account of the fact that 
ammonium carbamate has a solid-liquid—vapor triple 
point at approximately 152°C. and 83 atm. (2). The 
compound also becomes chemically unstable at high 
temperatures. 
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Equilibrium Problems with More Than One Solution 
PETER OESPER 


University of Maryland, College Park, Maryland 


c IS a familiar fact that many problems involving 
the use of equilibrium constants lead to equations 
of the second degree, or higher. Such equations have 
two or more roots, but it is usually true that only one 
of the roots is physically possible as a solution of the 
problem. However, cases do occur, where more 
than one root, or no root, is a correct solution. I have 
seen no such cases discussed in the familiar textbooks 
of physical chemistry, nor any such problems included 
in the exercises of these books. Two typical examples 
will therefore be discussed below. 

Example 1. The equilibrium constant for the re- 
action. 


N: + 3H: = 2NH; 


is K, = 1.7 X 10-4 at 400°C. (pressures in atmos- 
pheres). How many mols of N2-must be added to 
10 mols of Hz to convert 3 mols of the H: to NHs3, at a 
total pressure of P atmospheres? 

The solution of this problem leads to a quadratic 
equation in m (the required number of mols of N2), 
whose coefficients depend on P, the total pressure. 
The roots of the quadratic equation are imaginary when 
P is less than 50 atm., and real, but different, when P 
is greater than 50 atm. 

The imaginary roots obtained for P<50 atm. in- 
dicate that there is vo possible solution of the problem 
at low pressures. This corresponds to the fact that 
at such low total pressures not enough N: can be present 
to convert 30 per cent of the Hz to NH3. 

When P is greater than 50 atm., two real and dif- 
ferent solutions are obtained. Neither of them can be 
eliminated as physically impossible, and indeed, both 
are correct. There are fwo possible equilibrium 
systems, each containing the same number of mols of 
Hz and NHz, and at the same total pressure, but with 
different amounts of Nz present, and occupying dif- 
ferent volumes, of course. If the total pressure is 
60 atm., for example, the systems are as follows: 


System 1 System 2 
Mols Hz 7 7 
Mols NHs 2 2 
Mols Nz 32 2.5 
Total pressure 60 atm. 60 atm. 
Volume 38 liters 11 liters 
Temperature 400°C. 400°C. 


Example 2. The equilibrium constant of the re- 
action 


2NaHCO; = NazCO; + CO: + HsO 


is K, = 0.23 (pressures in atmospheres). 


If NaHCO; 
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is to be kept under an atmosphere of moist COs, at a 
total pressure of 1 atm., what must be the mol fraction 
of H.O to prevent dissociation? 

We see that dissociation will not occur if 


Poco: X Po 2 0.23 
or, since 
Poco. + Pu.o = 1 


Po (1 = Px.0) 2 0.23 


This condition is fulfilled for values of Py,o between 
0.36 atm., and 0.64 atm. In other words, dissociation 
will not occur if the mol fraction of H,O vapor is 0.36 
(or more), or if it is 0.64 (or less).! 

Because of the large number of possible types of 
chemical equations, and the wide variety of questions 
which can be asked about chemical equilibria, it seems 
best not to attempt to make a general statement as to 
what sorts of equations and what sorts of problems 
may lead to higher-degree equations with more than 
one possible answer (or no possible answer). 

It may be said, however, that when we define the 
composition, equilibrium temperature, and equilibrium 
pressure (or composition and the equilibrium values of 
any two independent thermodynamic variables) of a 
system, and ask for the equilibrium composition and 
the values of the other thermodynamic variables at 
equilibrium, then we always get a real and unique 
answer. This is because every system under definite 
conditions will come to some equilibrium, and this 
equilibrium is perfectly determinate (at least on a 
macroscopic scale). 

On the other hand, if we ask, as in the examples given 
above, ‘“‘What must we do in order to achieve such- 
and-such a result?” we may find that there are no 
answers, or several answers. This simply means that 
the result we are seeking is impossible of attainment, 
or that it may be attained in several different ways. 

The actual situation in any given case depends upon 
the coefficients of the chemical equation and the value 
of the equilibrium constant, as well as upon the con- 
ditions imposed on the equilibrium, and the particular 
question asked in the problem. The number of solu- 
tions must therefore be determined separately for each 
type of problem. 





1 This problem is taken from NoyES AND SHERRILL, ‘‘Chemi- 
cal Principles.’”” I am indebted to Dr. Richard Powell, of 
Princeton University, for pointing out to me that it has two 
solutions. 








Objective Tests in Organic Chemistry 


ED. F. DEGERING 
Purdue University, Lafayette, Indiana 


'WYHE NATION is working harder today than at any 
other time in its history, yet it is not necessary for 
one to slave at a testing program in organic chemistry. 
Four complete sets of objective tests in organic chem- 
istry are now available. These comprise the 1940-41, 
the 1941-42, the 1942-43, and the 1943-44 series. 
Each of these series contains 27 subject examinations 
on the various topics of organic chemistry as: 


Alkanes, alkenes, alkynes. 

Alkyl halides and polyhaloalkanes. 

Alcohols, ethers, halohydrins, alkene oxides. 

Aldehydes, ketones, ketenes. 

Acids, saturated and unsaturated. 

Halogen, hydroxy, and oxo-substituted acids. 

Anhydrides, acid halides, esters, salts. 

Replacement reactions, review. 

9. Carbohydrates. 

10. Final examination, Nos. 1-9. 

11. Thioalcohols, thioethers, sulfonic acids. 

12. Nitroparaffins, amides, urea, urea derivatives, 
amines, amino acids, proteins, nitriles, and 
isonitriles. 

13. Foods and metabolism. 

14. Metallic and nonmetallic alkyl compounds. 

15. Alicyclic compounds. 

16. Aromatic hydrocarbons. 

17. Aryl halogen compounds. 

18. Phenols, aryl alcohols, ethers. 

i9. Aryl aldehydes, ketones, quinones. 

20. Aryl carboxylic acids. 

21. Aryl sulfonic acids. 

22. Aryl nitro compounds, amines, and diazonium 

salts. 

3. Heterocyclic and miscellaneous compounds. 

4. Antiseptics, dyes, stains, indicators. 

5. Terpenes, rubber, resins, fibers, and detergents. 

6 

7 
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Processes, reactions, syntheses, tests. 
Final examinations, Nos. 11-26. 


Each test contains 20 items of the multiple choice 
type, in which zero to five answers may be correct. 


Both individual answers and various combinations of 
answers are employed. 

The completion time of each test is 20 or more 
minutes. The instructor may, however, select only 
such items as he desires to emphasize and thus cut the 
test to a ten- or even a five-minute quiz. 

These four series of tests have been compiled and 
edited by a volunteer group of collaborators. As a 
consequence it is likely that the tests are rather repre- 
sentative. 

These tests may be used advantageously with any 
textbook in any course in organic chemistry, for the 
individual tests cover specific areas of the subject. 

The tests are so arranged that they may be graded 
manually, by cutting out small rectangles below the 
answers on a master key, and then superimposing the 
key on the test paper to be graded. Where machine 
grading is available, the numbering of the items is 
such that two answer sheets are all that are required 
for a complete course in organic chemistry. 

These subject tests are available at 20 cents per set 
(20 cents per student per year) in lots of five or more, 
plus postage. Individual sets are priced at 50 cents. 
All orders for less than $2.00 should be accompanied by 
payment. ‘These tests are available from the chairman 
of the committee, Ed. F. Degering, Department of 
Chemistry, Purdue University, Lafayette, Indiana. 

This is a nonprofit project, which has been subsidized 
by Purdue University from the outset. 

Two comprehensive objective tests in organic 
chemistry are also available, Form S and Form T. 
These are obtainable from the Cooperative Test 
Service, 15 Amsterdam Avenue, New York City, N. Y. 

These comprehensive tests contain 100 carefully 
selected items each, which give a representative cover- 
age of a beginning course in organic chemistry. One 
hundred minutes are required for the completion of 
each of these examinations, but Form T is so designed 
that it may be given in two 50-minute periods. 

Cooperation in the production of subsequent sets of 
both of these series of tests is cordially invited. 


The New England states have become an important production center for mica and 
for beryl. Although the mica from this source is only a small part of the total supply, 
the additional output is contributing to the critical situation. The beryl is of high 
quality, although it cannot compare in volume to the Black Hills deposits in South 


Dakota. 


A synthetic resin paint, formulated especially for use on exterior-grade plywood, 
gives the appearance of monolithic concrete.—Laucks 
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NEW ENGLAND ASSOCIATION 


CHEMISTRY TEACHERS 


This Nation Will Need More Chemists 


after the War 


ERNST A. HAUSER! 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


HAT struck me most when I began to acquaint 

myself with the subjects taught in our high 
schools was the fact that chemistry is an elective sub- 
ject; in most European countries it is compulsory. 
Could it not be made compulsory here too? I am not 
basing this on any prejudice I might have, being a 
chemist myself, but on a number of reasons. In these 
times fundamental knowledge of chemistry and physics 
should be as much a part of a genefal education as any 
other compulsory subject. We can no longer deny 
that we are living in a chemical age and that therefore 
at least a knowledge of basic chemistry is as important 
for the general education of an individual as medieval 
history, if not much more so. Furthermore, there can 
be no question but that a well-outlined course in chem- 
istry will serve admirably to aid in training the student 
in clear and logical thinking and reasoning. This will 
be of great value even to those who do not intend to 
continue with chemistry in college. 

The chemical industry will need an increasing number 
of workmen. There can be no doubt that a person who 
is at least familiar with what chemistry stands for, and 
who has at least a basic conception of chemical reac- 
tions, will approach his job with a greater interest 
than one who has not the faintest idea what it is all 
about. P 

However, the most important point I can see at pres- 
ent is this: The tremendous impetus which the 
chemical industry is receiving through this war is bound 
to result in a considerable expansion in the postwar 
period. This will necessitate the training of increasing 
numbers of well-qualified chemists. Many a boy or 
girl, who for one reason or another has no specific 
interest in chemistry at the time of selecting courses, 
might very well be influenced to make chemistry his or 
her profession if given a chance to learn what it is all 
about, its importance in our daily lives, and its impor- 
tance to the well-being of the nation as a whole. And 
chemistry is also of importance to those contemplating 





1 Condensation of an address presented at the Fifth Summer 
Conference of the New England Association of Chemistry 
Teachers, Andover, Massachusetts, August 27, 1943. 
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the study of medicine, biology, metallurgy, or ceramics, 
just to give a few examples. However, this is possible 
only if chemistry is a compulsory subject, since other- 
wise this chance would be missed by all who did not 
select the subject voluntarily. 

The next, equally serious problem is time. In most 
high schools chemistry is taught for only one year. 
Assuming three recitation hours a week, one hour of 
lab work,and a school year of 40 weeks, the time allotted 
to chemistry in a whole year amounts to 160 hours. If 
one looks at this figure and then looks at the better 
known chemistry textbooks used in high schools to- 
day, one begins to wonder, and, if one is good natured, 
to pity the student. 

What I consider imperative therefore is the adjust- 
ment of the subject matter to the time allotted to it. 
Probably the ideal solution would be to offer two types 
of chemistry courses in high school. One would be 
taken by those who have shown no special aptitude in 
mathematics and have lacked interest in their previous 
science courses, as well as those who explicitly expressed 
disinterest in specialized chemistry. Such a course 
should cover nothing but the fundamentals which 
every citizen should know as part of his general educa- 
tion. The other course, to be given to those who demon- 
strated their interest in natural sciences and proved 
their proficiency in mathematics, could then proceed 
more rapidly than now possible and thus cover a more 
comprehensive field. However, we all know that the 
realization of such an ideal condition is rather problem- 
atical, at least for the present, and since there are a 
number of other reasons which now would make it 
impractical to increase the time allotted to chemistry, 
it becomes essential to make the best of the situation. 
This means, in my opinion, teaching chemistry in such 
a way that the student’s interest in the subject is 
aruused from the very first minute in class and is kept 
at top level throughout the year. The goal to be 
achieved is not a student into whose head a conglome- 
rate of high-sounding terms, recent theories, and results 
of recent developments have been densely packed, but 
a young man or girl whose interest in chemistry has been 
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stimulated and who has been given a chance to learn 
and master the fundamentals of chemical reactions in 
as illustrative and simple a way as possible. I know of 
no better slogan to illustrate what high-school chemis- 
try should accomplish than Kipling’s 


“T keep six honest serving men 
(They taught me all I knew). 

Their names are What and Why and When 
And How and Where and Who.” 


Too frequently one overlooks the fact that the funda- 
mentals of chemistry, if they are to stick, need more 
than learning by memory a few laws or symbols, or 
even equations; it is necessary to train our brains to 
think in chemical terms. Such training, however, calls 
for simplicity, patience, and enthusiasm. 

Since one of the most important virtues of a chemist 
is logical reasoning, coupled with a keen sense of ob- 
servation, the need for experimental demonstrations 
cannot be overemphasized. A frequent reaction to this 
point of view is to draw attention to the limited budget, 
the lack of laboratory space, and the lack of time of 
the chemistry teacher to prepare demonstrations. Only 
the last of these three criticisms is serious. The chemis- 
try teacher must have his time schedule so arranged 
that he can set up his demonstrations just ahead of 
his class. Although I personally am very much in 
favor of seeing every high school in our country even- 
tually equipped with a simple but complete laboratory, 
this does not mean that we cannot carry out all really 
necessary demonstrations with a minimum of equip- 
ment and expense. 

If we had had to wait, for example, for today’s ac- 
complishments of the glass industry, the ceramic indus- 
try, metallurgy, etc., to carry out experiments which 
have led us to the fundamental concepts of chemistry, 
this science would not yet have been born. Let me be 
more specific. I consider it a serious mistake to force 
the young student who has been barely exposed to 
chemistry to learn the teachings of the electron theory 
before he has even acquired the most fundamental 
knowledge of chemical reactions. In the year the 
student is first introduced to chemistry his brain is 
certainly not trained to deal with abstracta. He is far 
more impressed by Samuel John Stone’s famous ex- 
pression, ‘“‘What I cannot see I never will believe in.” 
The net result therefore is that he either does not 
understand the meaning of a nucleus surrounded by 
electron orbits drawn on the blackboard and becomes 
utterly disgusted with chemistry and himself, or he 
takes everything for granted instead of realizing that 
this complex theory actually is a working hypothesis 
which so far explains most chemical phenomena ad- 
mittedly better than those of former days. However, 
what is overlooked too frequently is the fact that a 
real understanding and the ability to apply intelli- 
gently these new concepts call for the knowledge of 
many basic and experimentally proved facts. I do not 
deny that the juggling of electrons on the blackboard 
may be fascinating to a student who loves to dabble with 
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concepts daddy does not know about, but, lacking the 
basis for such a concept, a logically reasoning student 
will ask the famous question, “‘Why?’’ And what would 
be your answer? 

When most of us went to school we learned, for ex- 
ample, and had it experimentally demonstrated, that 
calcium chloride results from the combination of two 
atoms of chlorine and one atom of calcium. Since it 
had been shown by previous demonstrations that the 
chlorine atom is monovalent, it was evident that the 
calcium atom was divalent. Such teachings were suffi- 
cient to turn out renowned chemists. Why then must 
the high-school student of today, who possibly might 
not even select chemistry for his life’s profession, strain 
his brains to memorize that the chlorine atom sup- 
posedly consists of a nucleus with 17 protons and 18 
neutrons and a total of 17 electrons, and the calcium 
atom has a nucleus of 20 protons and 20 neutrons and 
a total of 21 electrons? Even if he is not compelled 
to memorize all this, he is unable to work out a simple 
reaction without looking in his textbook to find out 
how the reacting atoms are organized. But even if he is 
a wizard and does remember the composition of the 
atom in terms of protons, neutrons, and electrons, this 
is in my opinion still equivalent to some one who 
chews a lollypop before he eats his poached eggs for 
breakfast. 

However, this is not even enough; he also must 
remember that calcium can transfer electrons whereas 
chlorine must borrow some. Is it not far more impor- 
tant for him to know the composition of a calcium 
chloride molecule, how it can be produced, and to 
what uses it can be put, than to become an expert in 
electron distribution? Experience has shown that the 
time available for the teaching of chemistry in high 
schools is insufficient to do justice to both these aspects. 

Is it not also far more important for the high-school 
graduate who has had one year of chemistry to have 
some fundamental idea of the weight relationships, the 
gas laws, valences, a sense of orders of magnitude, a 
full understanding of what acids, bases, and salts are, 
and so forth, than to be taught that colloids are non- 
crystalline substances which form watery or jelly-like 
suspensions with water, or to be told that the addition 
of protective colloids aids in the digestion of foods, such 
as the addition of gelatin to ice cream, or that the 
creaming of milk is due to electrorepulsion of colloidal 
particles? Needless to say, every one of these state- 
ments, taken at random from the latest editions of re- 
cent high-school chemistry texts, is not only misleading, 
but definitely wrong. Being a colloid chemist, I am 
admittedly particularly interested in any chapter deal- 
ing with colloids. What strikes me most is the undeni- 
able fact that the Cottrel process of smoke precipitation 
is played up in every book, seemingly because Cottrell 
is an American. Having been actively engaged with 
this process, I am the last one to belittle the ingenuity 
of the man or the process. But why give the student 
just this example, the mechanism of which he simply 
cannot understand with the knowledge of chemistry 
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and physics he has acquired up to then? This seems 
just about as far fetched to me as if I should demon- 
strate to the student the precipitation of barium sulfate 
from a solution of barium chloride to which in one case 
a solution of sodium sulfate and in the other a solution 
of potassium sulfate is added, and then ask him why 
in the latter case the supernatant liquid is alkaline and 
in the former acid. 

If colloids have to be discussed at all in high-school 
chemistry—and I personally don’t think they should 
be—then more appropriate examples could be selected 
which can also claim Americans as their discoverers, 
and which would at least give the student a somewhat 
more correct idea of what we mean by colloids. Since 
colloid chemistry does not deal with a special group of 
substances, but with a special state of matter, it is 
logical that it can only be of value to an individual who 
has covered inorganic and organic chemistry, as well as 
physical chemistry in at least fundamental courses. 
That the Debye-Hiickel theory is now even being 
considered as a topic of discussion in some high-school 
chemistry courses is so fantastic that I do not intend to 
consider it seriously. One might compare the student 
who is exposed to such things to a little child about 
eight years old who is taken to the theater to attend a 
performance of one of Shakespeare’s plays. If this 
child should understand anything, and enjoy the per- 
formance, I could only say, with Winston Churchill, 
“Some child!’ The average child would not only be 
bored, but very probably such an experience would 
make him lase interest in serious theatrical plays. 

These are just a few examples which could be multi- 
plied many times but should suffice to point out the 
main objection I am raising against the present way of 
creating the interest of young people in chemistry and 
supplying the nation with the chemists it will need. 

As previously stated, I consider it doubtful if an 
increase in the hours which can be devoted to chemistry 
in high school is possible or even advisable. Taking 
therefore the time as a constant, we must—if we stay 
objective—admit that the time available is entirely 
insufficient to cover the ground outlined in the present 
textbooks and achieve satisfactory results from a ped- 
agogic point of view. Therefore, there remains but 
one solution: namely, to revise the courses and elimi- 
nate so much that what is left can be taught thoroughly 
and for keeps. What should be cut out is a matter for 
people more competent than I to decide. 

Personally, however, I feel that no harm but con- 
siderable benefit would result in eliminating the modern 
concepts of the electron theory, with all its ramifica- 
tions, at least during the starting period of the course, 
discarding everything on crystal structures as obtained 
by x-ray diffraction, or even more so, electron diffrac- 
tion, not even to mention the electron microscope and 
to forget the unfortunate attempts to explain colloidal 
phenomena. In doing this we will not only win valu- 
able time but we will also prevent the student from be- 
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coming unduly confused and consequently disgusted 

before he has a chance to realize what it is all about. 

We must teach chemistry in such a way that the 
subject is not only fascinating and clear, but simple. 
In this connection I feel very strongly that far too much 
time is spent on the why of chemical reactions and far 
too little on the how. My reason for this is simple. 
If by showing or explaining to a student the how, we 
make him curious and interested, he certainly will look 
for the why as he continues deeper into the subject. 

But in preparing a young citizen to become a valu- 
able member of our profession we must do more than 
simply teach him symbols, formulas, and equations. 
We must not neglect the training of his brain in logical 
thinking and logical reasoning. Chemistry without 
this is of no value. 

At this point it is time for me to digress for a moment 
to another science which in my opinion also deserves 
some readjustment. One of the fundamental tools 
of the chemist is mathematics. I have therefore also 
been interested in following the methods of teaching 
this subject. It is my point of view that if, for ex- 
ample, algebra and geometry are taught simply as the 
mechanics of numbers, they are not mathematics. 
Mathematics must be a process of thinking; if mathe- 
matics is taught as I see it, the chemistry student will 
not only be able to write formulas into his notebook, 
but he will immediately comprehend their full meaning. 
This naturally means that a change in the chemistry 
course alone is not yet sufficient and that close co- 
operation with the courses in mathematics is essential 
for full success. 

I have been told by a number of high-school teachers 
that children of refugees from central Europe, who had 
some schooling over there prior to their departure, 
have proved superior in their understanding of basic 
chemistry. These teachers expressed the opinion that 
this was due to a better training in mathematical 
thinking, and I agree with this point of view from my 
own experience. 

I am convinced that the chemical industries of the 
United States will undergo considerable expansion, 
therefore the nation will need more chemists than ever. 
And to maintain a leading role we need good chemists! 

Just as there is no value in building a house equipped 
with the latest installations but on a weak foundation, 
so it would be unwise to build a chemist who is full of 
the latest theories but lacking in the necessary founda- 
tion. 

To build chemists as sound, simple, and strong as 
possible is our job. That must be our contribution to 
our nation’s future! 

.I am greatly indebted to Professors Earl B. Millard, 
Arthur R. Davis, and George G. Marvin, of the Massa- 
chusetts Institute of Technology, Mr. Theodore Browne 
of the Dewey and Almy Chemical Company, and Mr. 
John Hodges of the Browne and Nichols School for 
their valuable suggestions and criticism. 
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REPORT ON THE FIFTH SUMMER 
CONFERENCE 


The Fifth Summer Conference of the N.E.A.C.T. 
was held at Phillips Academy, Andover, Massachusetts, 
from August 27 to August 30, 1943. Due mainly to 
the exigencies of war, changes in the program as given 
in the July issue of the Report, page 360, were made. 
L. F. Livingston, E. I. du Pont de Nemours, Philip G. 
Johnson, Cornell University, and Hubert N. Alyea, 
Princeton University, did not appear on the program. 
The following men gave papers not listed in the original 
program: Lt. Joseph B. Eldredge, 1st Service Com- 
mand, Boston, ‘Chemistry and the Army Specialized 
Training Program’’; Joseph Magnus, Magnus, Mabee 
and Reynard, Inc., ‘Essential Oils as Strategic Mate- 
rials’; Eric G. Ball, Harvard Medical School, ‘‘Bio- 
logical Oxidation.” 

Through the educational program facilities of sta- 
tion WLAW, Lawrence, Massachusetts, the Associa- 
tion was able to broadcast four half-hour programs of 
the conference. 

The papers of the roster of 23 speakers may be 
grouped into three divisions, around which all the talks 
were centered: (1) topics connected with the national 
effort in the war program, (2) problems in the teaching 
of chemistry, and (3) a symposium on civilian protec- 
tion against chemical agents in wartime. 

The success of the conference was due in large meas- 
ure to the efforts of Mr. Roscoe E. Dake, Head of the 
Chemistry Department, Phillips Academy, who had 
charge of local arrangements with the assistance of Mr. 
Henry Hopper, also of that school. Mr. Lawrence I. 
Harris, Boston Trade School, and his conference com- 
mittee are also to be congratulated for the stimulating 
program they arranged. 

The social high light of the conference was the picnic 
held in the beautiful Cochran Bird Sanctuary of the 
Academy. The 150 members and guests who attended 
the conference will not soon forget the teas held in the 
game room of Commons or the tour of the campus, 
including the famous Addison Gallery of Art and the 
Archaeological Museum. 


OFFICIAL BUSINESS 


Dr. Carroll B. Gustafson, Massachusetts College of 
Pharmacy, chairman for the Sixth Summer Conference 
to be held next year, is anxious for suggestions to in- 
crease attendance and also for ideas on subjects and 
speakers for the conference. 


NEW MEMBERS 


The Membership Committee reported the following 
new members had been elected at the Conference: 
Laurence R. Atwood, 114 Wyoming Avenue, Malden, Massachu- 

setts 
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Lawrence W. Bass, New England Research Foundation, Inc., 
Statler Building, Boston, Massachusetts 

Irwin B. Douglass, 66 College Road, Orono, Maine 

Katharine W. Ginty, 75 Mountfort St., Boston, Massachusetts 

Margaret A. Gollaher, 16 Garden, Potsdam, New York 

Donald C. Gregg, 24 S. Prospect St., Amherst, Massachusetts 

Fred W. Herron, The Macmillan Co., Boston, Massachusetts 

Zelda J. Lurie, 34 Prospect St., New Britain, Connecticut 

William B. Meldrum, Haverford College, Haverford, Pennsyl- 
vania 

Granville E. Robbins, R.F.D. No. 3, Attleboro, Massachusetts 

Samuel Ray Scholes, Jr., 97 Talbot Ave., Medford, Massachu- 
setts 

Mary Striga, Zoar Ave., S. Attleboro, Massachusetts 

Alberto Thompson, Jr., Massachusetts Institute of Technology, 
Cambridge, Massachusetts 

Robert K. Wickware, 98 Spring St., Willimantic, Connecticut 

Ernest Wilson, Worcester Polytechnic, Worcester, Massachu- 
setts 


1943-44 SCHEDULE 


The following meetings are planned at present for the 
year 1943-44. The meeting on December 4 will be 
held jointly with the Eastern Association of Physics 
Teachers and the New England Biology Teachers 
Association. 
228rd meeting, November 6, 1943, Western Division 
224th meeting, December 4, 1943, Central Division 
225th meeting, February 12, 1944, Southern Division 
226th meeting, April 8, 1944, Northern Division 
227th meeting, May 6, 1944, Central Division 


The resignation of Prof. Laurence S. Foster, Univer- 
sity of Chicago, as Associate Editor of the JoURNAL was 
accepted with regret. Leallyn B. Clapp, Brown Uni- 
versity, was appointed by the Executive Committee as 
Editor of the Report for the N.E.A.C.T. to fill his un- 
expired term. 


SIDELIGHTS 


The Nurses Cadet Corps needs students. Teachers 
of high-school girls are urged to acquaint themselves 
with the opportunities afforded by the Corps so that 
they may advise and urge students to join. 


The Association is fortunate in having 16 members 
and three guests who have attended all five summer 
conferences: Mr. and Mrs. Elwin Damon, Charles E. 
Dull, Mary B. Ford, L. S. Foster, Mr. and Mrs. G. C. 
Greenwood, Sue C. Hamilton, Elizabeth S. Hollister, 
Mr. and Mrs. S. Walter Hoyt, Alfred R. Lincoln, 
Evelyn L. Murdock, Norris W. Rakestraw, Theodore 
A. Sargent, Elsie S. Scott, John R. Suydam, Elbert C. 
Weaver, and Harry F. Wiley. 


Mr. and Mrs. Elwin Damon celebrated their 50th 
wedding anniversary during the conference. 

The final registration for the conference was 73 
members, 15 new members, 58 guests, and speakers. 
Total 150. 
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THE OceANS. THEIR Puysics, CHEMISTRY, AND GENERAL BI- 
oLocy. H. U. Sverdrup, Professor of Oceanography, University 
of California, Director, Scripps Institution of Oceanography, 
Martin W. Johnson, Assistant Professor of Marine Biology, 
University of California, Scripps Institution of Oceanography, 
and Richard H. Fleming, Assistant Professor of Oceanography, 
University of California, Scripps Institution of Oceanography. 
Prentice-Hall, Inc., New York, 1942. x + 1087 pp. 265 
figs. 121 tables. 7 charts. Computation tables. 15 X 
22.5cm. $8.00. 

This war has made us more than ever conscious of the im- 
portance in our lives of the air and the sea. The latter is, of 
course, not so new to us as the former, but nevertheless, there are 
few of us who appreciate that the study of the ocean is not only 
a science in itself but the meeting ground of a number of different 
sciences, among which chemistry is one of the most important. 

The field of oceanography, as a scientific study, is only some 
70 years old, since the expedition of the Challenger (1873-76) is 
generally taken to be its origin. Nevertheless, it has now 
accumulated an extensive literature, and a considerable number 
of prominent figures in the contributing sciences are numbered 
among its scientific profession. 

This book is without doubt the most comprehensive and 
authoritative treatise or text which has thus far appeared in this 
field. The authors include the director and two of the staff of 
the oldest of the three oceanographic institutions in this country 
and are thoroughly conversant with the physical, chemical, and 
biological aspects of the subject. They have collaborated to 
produce a book which is readable and interesting to anyone with 
a moderate scientific background. It combines the lucidity of 
a good textbook with the thoroughness of a sound reference work. 

Very few chemists have as yet devoted themselves to the study 
of the sea, except perhaps to its exploitation as a source of such 
valuable products as bromine and magnesium. Nevertheless, 
there is an enormous field of chemical interest in the sea as an 
environment, for life, and this is the question involved in the 
work of most ‘‘oceanographic chemists,’’ thus far. 

Two chapters (“Chemistry of Sea Water” and “Organisms 
and the Composition of Sea Water’’) are entirely devoted to 
the results of chemical investigations. The extent of the coopera- 
tion between chemistry and biology is seen from the fact that 
chemical work makes up much of the background for five other 
chapters: ‘‘The Sea as a Biological Environment,” ‘‘Phyto- 
plankton in Relation to Physical-Chemical Properties of the 
Environment,” ‘Animals in Relation to Physical-Chemical 
Properties of the Environment,” ‘“Interrelations of Marine 
Organisms,” and “Organic Production in the Sea.” Also, a 
considerable portion of the chapter on ‘‘Marine Sedimentation” 
deals with chemical factors, particularly the deposition of calcium 
carbonate. 

When it is remembered that two-thirds of the earth’s surface 
is covered by the oceans and that probably three-fourths of the 
world’s creatures live there, it can be appreciated that here is a 
marine world in some ways more important than our terrestrial 
one. For the most part, chemical phenomena are the same in 
the two worlds, but sometimes the applications of them are 
startlingly different. 

This book is a valuable addition to anyone’s scientific library. 
The only fault likely to be found with it is the inadequacy of its 
index. The authors should be excused for this, perhaps, in view 
of the extensiveness of the field covered. 

Norris W. RAKESTRAW 


BROWN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


DICTIONARY OF SCIENCE AND TECHNOLOGY. Maxim New- 
mark, Department of Modern Languages, Brooklyn Technical 
High School. Philosophical Library, New York, 1943. VIII 


+ 386 pp. 15 X 22.5cm. $6.00. 

This book is unusual in that the 10,000 English scientific and 
polytechnical terms defined are also listed in French, German, 
and Spanish. 


RECENT BOOKS 
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METALS AND ALLoys Data Book. Reinhold 


Samuel L. Hoyt. 
Publishing Corporation, New York, 1943. 334 pp. 26 X 18 
em. $4.75. 


The purpose of this book is clearly indicated in the opening 
sentences of the preface—‘‘In her book, ‘Willard Gibbs,’ Muriel 
Rukeyser states that ‘one of the reasons that I wrote this book 
was that I needed to read it.’ The same holds with considerable 
emphasis for the present book and author. In fact the book is 
the direct outgrowth of an attempt to satisfy a desire of my own 
to accumulate reliable data on the metals.” 

This desire has been admirably met by Dr. Hoyt, and the in- 
formation is exactly what an engineer needs in selecting a metal 
for a particular purpose. The material, which is largely in the 
form of tables, charts, and curves, has been logically assembled 
from a number of reliable sources of published information as 
well as data from private sources not yet published. It covers 
not only the conventional mechanical characteristics of the 
ferrous and non-ferrous alloys but also many special properties 
not available without reference to original articles. It is not 
possible even to list all of these property tables but a few may be 
cited as indicating the scope of the book: Hot Hardness of Tool 
and Die Steels, End Quench (Jominy) Hardenability Data, Effect 
of Section Thickness, Properties of ‘‘Cold Drawn”’ Steel, Steel 
Plates for High-temperature Service, Effect of Strain Aging, 
Fatigue Strength of Copper Alloys, Corrosion Resistance of 
Copper, and many other properties. 

The reader who has had a limited experience in the selection 
of metals is urged to study the preface with unusual care, as in it 
Dr. Hoyt has indicated clearly the limitations in any set of data 
and given many suggestions as to the proper use of tabulated 
information. 

The book should be in the library of anyone who is concerned 
with the properties and uses of metals and alloys. 

RoBErT S. WILLIAMS 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


ORGANIC CHEMISTRY SIMPLIFIED. Rudolph Macy, Chemical 
Warfare Service, formerly Assistant Professor of Chemistry, 
University of Maine. Chemical Publishing Company, Inc., 
Brooklyn, New York, 1943. ix + 481 pp. 15 X 23 cm. 
$3.75. 

Frequently a book is advertised as having a different approach 
to a subject, but upon examination the difference shrinks almost 
to the vanishing point. This book is more than just different; 
it is, so far as the reviewer knows, unique. 

The book is divided into four parts, of which the first two are 
primarily theoretical. Part 1 (pp. 1-56) discusses ‘The 
Unique Position of the Carbon Atom in Chemistry” and is de- 
voted to the development of the meaning of valence. This in- 
cludes an elementary treatment of the structure of the atom, 
the periodic system,’ the varicus types of bonds (including the 
dative bond), dipole moments, and the dielective constant. Part 
2 (pp. 57-184) is on: ‘‘The Architecture of Carbon Compounds.” 
Topics discussed include morphology of chain and ring com- 
pounds, double and triple bonds, stereochemistry and isomerism, 
partial valence, bond energies, resonance, conjugated systems, 
structure of benzene, and a theoretical treatment of orientation. 

Part 3, entitled ‘‘The Classification of Carbon Compounds” 
(pp. 185-308), more nearly conforms to the standard organic 
text in its treatment of the chemical nature of various types of 
structure. The approach of the author can be illustrated by the 
fact that it is in this section, after almost 200 pages of theoretical 
material, that the properties of an alcohol are first found. 

Part 4, ‘“‘Special Topics in Organic Chemistry” (pp. 308-416), 
gives something more than a glimpse of heterocycles, terpenes, 
proteins, carbohydrates, dyes, drugs, hormones, vitamins, iso- 
topic chemistry, and giant molecules. 

The author’s style is conversational. 
the reader in a most informal manner. 


He speaks directly to 
The book is easily read 








r 
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and is interesting. The most complex theoretical concepts 
are dealt with and expressed in relatively simple terms. The 
book very definitely is not the ordinary first course in organic 
chemistry, simplified. The author has, rather, tried to simplify 
the fundamental and complex theoretical background to a 
sound and thorough knowledge of organic chemistry. To most 
teachers of traditional courses in elementary organic chemistry 
the book would not be acceptable as a first text. It should, 
however, be of interest to anyone who uses a distinctly theo- 
retical approach to the subject. It would appeal to the reader 
with a sound traditional background of organic chemistry, ac- 
quired some time ago, who wishes a simplified introduction to 
modern theory. 

The author himself states, ‘“‘In this book we have laid little 
stress on the synthesis of organic compounds.” And again, 
“For more thorough treatment of these topics (synthesis) the 
larger textbooks and laboratory manuals of organic chemistry 
should be consulted.”’ As a result it follows that, even by one 
particularly interested in the theoretical approach, the lack of 
greater emphasis on synthesis will be deprecated. Since the 
theoretical discussions given should (and they will) stimulate 
the thoughts and imagination of the reader, it is unfortunate 
that no references whatsoever are given for further reading and 


study. 
OSBORNE R. QUAYLE 


Emory UNIVERSITY 
Emory UNIVERSITY, GEORGIA 


THE SCIENCE OF Nutrition. Henry C. Sherman, Mitchill Pro- 
fessor of Chemistry, Columbia University. Columbia Uni- 
versity Press, New York, 1943. xi+253pp. 14.5 X 22cm. 
$2.75. 

Dr. Henry C. Sherman has done as much or more than any 
other scientist to change food fads into facts and to substitute 
a solid foundation of good dietary practice for superstition. 
His new volume, with a title reminiscent of the classic by Graham 
Lusk, is not designed for the expert or the lay public, but for 
the intelligent reader who wants to know the truth about foods 
and their importance in health and life. In a college this book 
could serve as a text in one of those survey courses planned to 
stimulate thinking and further study. 

The caloric needs of the body are discussed in a chapter on 
energy, and the importance of factors other than calories is 
skilfully developed. ‘‘How the Body Manages’ describes the 
flexibility of the reactions occurring in the tissues and the con- 
stant changes in the living body. Just enough history is added 
to the chapters on vitamins and on the chief groups of foods to 
give a background of names and events famous in the develop- 
ment of nutrition as a science. As one would expect, the dis- 
cussion of calcium is particularly well done, and evidence from 
researches carried out in the author’s laboratory adds authority. 

Dr. Sherman writes with authority but is not dogmatic, and 
his easy style arouses no antagonism in the reader. From the 
particular problems of the individual he gently leads up to the 
general problems of world nutrition. The relation between the 
size of the grain crop and the choice the farmer must make to 
produce meat or milk is presented in terms of calcium and other 
protective factors. The importance of the national policy is 
reduced to terms of bone building in children and lactation in 
mothers. The book closes with a summary of the evidence for 
the good effects of superior nutrition upon the length of life and 
upon accomplishments made possible by health. With due 
regard to the geneticists, the author argues that optimum rather 
than minimal or subminimal nutrition might well change the 
internal environment (fully as important as the external) and 
extend and amplify the possibilities of the individual. 

The book is attractively printed though the figures of the type 
used have some idiosyncrasies that plague the eye in tables. A 
short selected bibliography gives a well-chosen list of sources 
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from an enormous field. . There is a combined author and sub- 
ject index. 

This book is a comforting sign that the science of nutrition has 
come out of the kitchen and has entered the field of international 
relations where it belongs. Dr. Sherman has long been an in- 
fluence on our national food policy through his teaching and 
writing, and through his own researches and those of his students. 
As Chief of the Bureau of Human Nutrition and Home Econom- 
ics in the Department of Agriculture he will have a hand in 
shaping international policies and in helping to solve some of the 
enormous problems that face the United Nations in the produc- 


tion and distribution of food. 
MARION Fay 


WoMAN’s MEDICAL COLLEGE OF PENNSYLVANIA 
PHILADELPHIA, PENNSYLVANIA 


THE MICROSCOPE AND Its Use. Frank J. Muiioz, Technical 
Microscope Consultant, in collaboration with Harry A. 
Charipper, Professor of Biology, New York University. Chemi- 
cal Publishing Co., Inc., Brooklyn, N. Y., 1943. xii + 334 pp. 
14 X 22cm. $2.50. 

From the author’s preface: ‘‘There appears to be a definite 
need for a small, practical guide to the use of this fascinating 
instrument, which we call ‘the microscope.’” .. .““Obviously, 
to write such a book, two different types of authoritative ex- 
perience are necessary. The experience of an educator who has 
taught thousands of students in a subject that requires the use 
of the microscope and that of an optical man who has had to meet 
and help solve many and diverse problems in the use of the 
microscope for research and teaching.” . «The book is not 
intended as a scientific treatise but as a guide to aid technicians 
and students in the use of the instrument.” 

It is profusely illustrated with pictures of microscopes, which, 
with the exception of early models, are mostly taken from manu- 
facturers’ literature, as are the optical diagrams. About eight 
photomicrographs, of which four are apparently by the authors, 
are included. 

The presentation is elementary; in places the style is rather 
informal (‘‘Don’t let us close the iris”; ‘‘O.K.”; ‘‘This is quite 
tricky’; ‘Take and clean’’), and is further reminiscent of 
undergraduate writing in the numerous statements that pre- 
sumably the authors can hardly mean: Materials ‘‘affected by”’ 
polarized light are not ordinarily thought to “rotate’’ the plane 
of “‘polarization.’’ Resolution does not ‘‘break up an object 
into its component details.” ‘It is no longer enough to know 
the weight of a metal and its reaction to a chemical attack in 
order to decide whether it is adequate for a certain function. 
Now we must measure the size of its minute crystal grains, and 
perhaps even the distance between them.” 

Considerable practical emphasis is placed upon illumination 
techniques, and on the choice of lenses for visual and photographic 
studies. The discussion on microtomy is the most specific and 
clear, but much more is said about how knives are sharpened 
than about how specimens are prepared. The directions for 
metallographic surfacing are vague, and no etchants are given. 

Polarizing microscopes and optical crystallography are not 
easy to discuss in simple terms, but if inclusion of interference 
figures and a picture of a universal stage are justifiable, a sound 
treatment of more elementary material might be expected. In- 
stead, the presentation is confusing and repetitious, hardly a 
paragraph is free from misstatements, and loose terminology is 
prevalent where its rigorous avoidance is requisite to understand- 
ing. 

The book contains a glossary and a bibliography. 

C. W. Mason 


CORNELL UNIVERSITY 
IrHaca, New Yorek 
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Howard W. 
Post, Department of Chemistry, University of Buffalo. (A. C. 


THE CHEMISTRY OF THE ALIPHATIC ORTHOESTERS. 


S. Monograph, No. 92). Reinhold Publishing Corporation, 

New York, 1943. 188pp. 15.5 X 23.5cm. $4.00. 

Summaries of the literature on limited fields in chemistry al- 
ways are welcome. This little monograph on the esters and thio- 
esters of aliphatic orthoacids and of orthocarbonic acid begins 
with a brief introduction which is followed by a chapter on 
methods of preparation and physical properties. Four chapters 
deal with the reactions of orthoesters with inorganic acids or 
catalyzed by inorganic acids, with organic acids, acid anhy- 
drides, and acid halides, with nitrogen compounds, and with or- 
ganometallic compounds. Chapter 7 is devoted to the interest- 
ing group of carbohydrate orthoesters and orthoacids, and is fol- 
lowed by a chapter on miscellaneous reactions of orthoesters 
such as the behavior on heating in the absence or presence of 
catalysts and reactions with halogen. Two chapters cover the 
preparation and properties of the silicon analogs of orthoesters 
and one deals with similar compounds of the other elements of the 
fourth group of the Periodic Table. The final chapter is a table 
of the physical properties of orthoesters, the compounds being 
listed according to their empirical formulas. 

In the introduction the author states, ‘‘The subject matter 
will be grouped under headings indicative of reactions rather 
than of compounds, and under subheadings arranged in histori- 
cal sequence.”” While the material is grouped according to 
types of reactions, there are no subheadings in any of the chap- 
ters. The choice of the historical sequence within a group of 
reactions is unfortunate. Thus one finds, in the extreme case, 
reference to the preparation of ethyl orthoformate on pages 11, 
12, 13, 15, and 16, sometimes more than once on a page, and al- 
ways interspersed with descriptions of the preparation of other 
compounds. These faults are somewhat mitigated by the inclu- 
sion of tables at the end of each chapter summarizing the work 
on each compound. Compounds are listed in the tables by 
condensed structural formulas and in the order of increasing 
number of carbon atoms. 

It is difficult to understand why a separate bibliography is 
appended to each chapter. This arrangement is not more con- 
venient to use than a single bibliography at the end of the book, 
and leads to excessive duplication. For example, the first 103 
references listed at the end of the first chapter are identical with 
the corresponding number at the end of the last chapter, and 
many of the references are repeated in most of the bibliogra- 
phies. Neither is it clear why the author’s initials usually are 
painstakingly given in the bibliography but frequently are not. 
Typographical errors and poor expressions are more frequent than 
one likes to find. Most busy organic chemists will overlook 
these flaws, however, and thank the author for making available 
this survey of the field in which he has been interested. 

Cart R. NOLLER 


STANFORD UNIVERSITY 
STANFORD UNIVERSITY, CALIFORNIA 


MANUAL OF INDUSTRIAL CHEMISTRY. Volumes I and II. Edited 
by the late Allen Rogers. Sixth Edition by C. C. Furnas, D. 
Van Nostrand Company, Inc., New York, 1940. Vol. I. xiii 
+ 877 pp. 221 figs. 145 tables. 15 X 22cm. Vol. II. viii + 
840 pp. 211 figs. 90 tables. 15 X 22 cm. $17.00 per set. 

The appearance of a new and extensively revised edition of this 
time-tested ‘Manual’ under the editorship of Professor Furnas 
is more than an ordinary event in the annals of technological pub- 
lications. For three decades Rogers’ “Manual,” through the five 
preceding editions, has been a standard American text and refer- 
ence book in general industrial chemistry. During this time the 
American chemical industries have undergone the greatest devel- 
opment in their history. These developments have been so rapid 
and extensive that frequent editions were necessary to keep the 
book “within gunshot” of being up to date. That is the fate of 


every treatise on industrial chemistry in this chemical world in 
which we live. 
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The new sixth edition, in two volumes of approximately 870 
pages each, retains the general scheme of handling the subject 
matter that was used in previous editions, each of che 45 chapters 
being written by one or more specialists on the subjects treated. 
There is a new classification of subject matter. The treatise is 
divided into eight sections with the following headings: 1. Back- 
ground of the Chemical Industry; 2. Heavy Chemicals and Allied 
Products; 3. Fuels and Their By-products; 4. Refractories and 
Allied Materials; 5. Metallurgical Products; 6. Surface Coatings; 
7. Products of Organic Synthesis; 8. Natural Organic Materials. 
This new grouping is an improvement over previous editions in 
that it places related subjects together. The most important 
thing about it, however, is the placing in the beginning of the 
treatise in Section 1 the background subjects, viz., the economic 
pattern, the unit operations, the organic unit processes, high- 
pressure processes, industrial instrumentation, and water for 
municipal and industrial use. They are fundamental for the 
proper consideration of the process chapters that follow. They 
give the unity that former editions have lacked and the perspec- 
tive that the student and reader need to understand the basic 
principles and to appraise the relative importance of the prime 
variables of the processes described. 

Much material that was included in the fifth edition has been 
dropped. In its place much important new subject matter has 
been added. Indicative of the time is the introduction of the 
chapter on military gases. Although the decision of what to in- 
clude and what to leave out of a treatise of this kind is a difficult 
one to make, this reviewer regrets that there is no discussion of 
industrial biochemical processes. The present tendency to place 
them in a category outside the chemical industry is unfortunate. 
Another omission which is regretted even more is a discussion of 
chemical engineering materials of construction. A chapter on 
this subject should have been a part of the background section. 
The spectacular advancement of the chemical industries during 
the past decade is largely the result of outstanding developments 
in the field of engineering structural materials. 

There is better teamwork on the part of the contributing 
writers than in previous editions. There is a better freedom of 
swing in the writing which the reader will like. All of this is the 
result of competent editorial guidance. The classified reading 
list at the end of most of the chapters is a valuable part of the 
“Manual.” The word manual should have been dropped from 
the title. If the English language means anything, the book out- 
grew that title long ago. The printing, flow sheets, diagrams, 
and illustrations are good. Many of the errors in the former edi- 
tions have been removed. It is the best treatise at the present 
time on general industrial chemistry as it is practiced in America. 

ARTHUR W. HIxson 


CoLuMBIA UNIVERSITY 
New York, New York 


PuysicaAL CHEMISTRY. Frank H. MacDougall, Professor of 
Physical Chemistry, University of Minnesota. Revised 
Edition. The Macmillan Company, New York, 1943. ix + 
722 pp. 97 figs. 15 XK 22cm. $4.00. 

In the preface the author states, “In this revision of the first 
edition, the author has not considered it necessary to make many 
substantial changes in the material discussed or in the manner of 
treatment.”” A page-by-page comparison of the first and second 
editions reveals this as a distinct overstatement. The changes 
are practically negligible. About one page each has been added 
on glasses and the glass electrode. The discussion of nuclear 
chemistry has been slightly amplified and the derivation of the 
Gibbs adsorption isotherm made more rigorous. The most re- 
cent accepted values for the various physical and chemical con- 
stants replace those used in the first edition, and the symbol E 
is now used instead of U for internal energy. Aside from this, 
the reviewer was able to find only three new problems and one or 
two additional references. The content and arrangement being 
practically identical with the very well known first edition, a 
detailed discussion of these points is omitted. 
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The foregoing is not intended as adverse criticism of a really 
excellent text. The reviewer has always considered Mac- 
Dougall’s “Physical Chemistry’? one of the best works in the 
field. It is logical, teachable, written with meticulous care, and 
is comprehensive enough for any first-class course. Since this 
“revised’’ edition has the same virtues and weaknesses as its 
predecessor, it can be recommended as heartily as before. 

Matcotm M. HARING 


UNIVERSITY OF MARYLAND 
COLLEGE ParRK, MARYLAND 


TEXTBOOK OF BIOCHEMISTRY. Benjamin Harrow, Professor of 
Chemistry, City College, College of the City of New York. 
Third Edition. W. B. Saunders Company, Philadelphia, 
1943. ix + 5387 pp. 118 figs. 15 X 23cm. $4.00. 

This is a new edition of a book which was first published in 1938 
and has been revised at frequent intervals in order to keep pace 
with the rapid advances in biochemistry. The general char- 
acter and purposes of the book have been retained in the new 
edition which has been expanded in many of its sections. Sixteen 
more tables and 30 additional figures have been incorporated in 
the new edition in order to increase the practical usefulness of 
the book. A new chapter has been added dealing with immuno- 
chemistry and chemotherapy. 

The third edition represents a marked improvement over the 
previous editions of this textbook, and takes its place near the 
top of the list of textbooks available for the teaching of general 
biochemistry. The book is presented with the object of covering 
the usual requirements of courses in biochemistry offered to 
medical, dental, agricultural, and general college students, and 
one feels the emphasis of a chemical viewpoint. The advisability 
of an author’s attempting to satisfy a need for a textbook of bio- 
chemistry for all types of students may be open to question. As 
biochemistry becomes ever broader in scope, encompassing so 
many aspects of biology and medicine, it might be more desirable, 
and satisfactory, to present biochemistry from the viewpoint of 
the field to which it is to be applied, rather than to attempt to 
meet the diverse requirements of several specialties. While this 
edition of Harrow might be adequate for dental, agricultural, 
and general college students, it must be supported by supple- 
mental reading in the physiological and medical applications of 
biochemistry in order to fulfill satisfactorily the role of an ade- 
quate textbook of biochemistry for medical students. However, 
each new edition of Harrow which has appeared gives indications 
that the author is continually approaching the production of a 
textbook which would become widely adopted for medical school 
teaching. 

ABRAHAM WHITE 


YALE UNIVERSITY 
New HAVEN, CONNECTICUT 


MaANuAL OF LaBoraTory GLass-BLowinc. R. H. Wright, 
Associate Professor of Chemistry, University of New Bruns- 
wick. Chemical Publishing Company, Inc., Brooklyn, N. Y., 
1943. ix +90 pp. 11 plates. 22 X 14cm. $2.50. 

The appearance of this new ‘“‘Manual” is very welcome—the 
more so because the author has limited himself to those operations 
which lie within his own direct experience. When so many uni- 
versities are conducting courses in glass blowing and so many 
helpful techniques are being devised, it is to be hoped that others 
may be stimulated to pool their experiences also. In one of his 
introductory paragraphs, the author modestly acknowledges 
“his indebtedness to all those who have, at various times and 
places, shown him most of the tricks which go to make up this 
book.” But it is soon obvious to the reader that he is in the pres- 
ence of a glass blower of no mean ability, who has a vivid imagi- 
nation and plenty of courage. 

After devoting three chapters to the properties of the common 
varieties of glass, the types of burners and flames, and the usual 
tools of the glass blower, the author compresses into one short 
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chapter the techniques of straight seals, sidearms, reduction of 
bore, test tube ends, and bending. In the remaining three chap- 
ters he describes the use of the splicing torch; the blowing of 
bulbs; the flaring of ends; the production of inner seals, metal 
to glass seals, and ground joints; the construction of condensers, 
thermometer wells, diaphragm manometers, vacuum jackets, 
closed circuits and the Langmuir pump and the McLeod gage, 
and, finally, the assembly and testing of complex vacuum ap- 
paratus. 

The author’s style is easy and direct and the printing excel- 
lent—large, clear type on heavy paper. Eight of the 11 plates 
are made from actual photographs of the author’s own handi- 
work. In some cases these illustrations will prove more helpful 
and in others less helpful than line drawings—particularly to the 
beginner. 

The “Manual” can hardly be called a self-instructor. In 
general, the directions are too abbreviated for an untutored 
beginner, although rich in suggestions for the more advanced 
student. 

Unfortunately, the author has minimized the importance of 
maintaining complete control over wall-thickness while increasing 
or decreasing the diameter of tubing by blowing and drawing, 
respectively. Naive admissions of the resulting difficulties are 
found in several parts of the book. For example, on page 32: 
‘‘When the larger tube is very large, 25 mm. or more, it will be 
found that while the tube can be drawn down in the way de- 
scribed to a certain extent, after a certain stage the collapsed 
part becomes paper thin.’’ Again, on page 51: “Once blown 
out to the stage shown at F, it is practically impossible to reheat 
and reblow the bulb without distorting it hopelessly.”” This re- 
viewer has found that a most useful student exercise is to shrink 
and reblow bulbs repeatedly, varying the shape and size each 
time. 

In his directions for making inner seals, the author avoids the 
plebeian use of inner supports and consistently recommends 
lining up by gravity. This is a most difficult operation for the 
beginner, in contrast with the easy, effective, and generally better- 
looking seals which result when all members have been previ- 
ously aligned. 

Detailed directions are given for the construction of a McLeod 
gage and for the assembly and testing of a complex vacuum 
system—even to the extent of identifying the spectrum of the in- 
truding gas. 

In the opinion of this reviewer, Professor Wright’s ‘‘Manual’’ 
should be in every experimental laboratory. 

Ross A. BAKER 


COLLEGE OF THE CITY OF NEW YorRK 
New York, New Yorke 


DICTIONARY OF BIO-CHEMISTRY AND RELATED SUBJECTS. 
Editor-in-Chief, William Marias Malisoff, Professor of Bio- 
chemistry at the Polytechnic Institute of Brooklyn. Philo- 
sophical Library, New York, 1948. 579 pp. 15 X 22.5 cm. 
$7.50. 

Some of the terms in this dictionary are defined in simple 
glossary form; others are discussed more thoroughly. The book 
includes words in vogue ten years ago as well as those in use 
today. 


THE War ON CancER. Edward Podolsky, M.D., Staff Member, 
Fifth Avenue and Flower Hospitals, New York City, and 
Faculty Member, New York Medical College. Reinhold Pub- 
lishing Corporation, New York, 1943. 179 pp. 2 figs. 12.5 
X 18.5cm. $1.75. ; 
The author of ‘‘The War on Cancer” succeeds in reducing a 

medical problem to the layman’s level of understanding. Only 

once, in giving details of Coke’s dispersion index test, does he 

forget his readers. The book tells the story of cancer from 400 

B.C. to the present day, stressing symptoms, causation theories, 

modern treatment, and research. 
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“pose of us who have been having anything to do 
with the Army or Navy specialized training courses 
(and that includes a great many of us) have seen the old 
specter, ‘“‘standards,” rising again. While occasional 
instances have been reported of the reservists’ doing 
relatively better work than their civilian classmates 
(measured by the old yardsticks), the general experi- 
ence is that for one reason or another the uniformed 
groups are lagging behind. A typical example was 
that of an instructor in one of the engineering schools, 
who found more than half his class of Navy reservists 
failing on one examination, on what he considered the 
usual standard of grading. While a 50 per cent failure 
proportion is not unknown, even in normal times, it 
certainly indicates that something is wrong somewhere. 

Are we expecting too much of these boys? Not if we 
accept at face value the statement of the Services that 
they desire the usual educational procedures and stand- 
ards to be followed as far as practicable. Since, in 
general, the uniformed students are being taught either 
in the same classes with civilians, or in classes taught 
by the same instructors under the same general condi- 
tions, it is unlikely that different standards are set for 
the two groups. 

Are the Army and Navy reservists intellectually in- 
ferior, poorer material for the educational process? 
Both the Army and Navy have admitted errors in the 
selection of men for their programs, in the early stages 
of their operation. And there may be a fundamental 
error in the assumption that a qualifying grade on the 
first ‘‘screening test’’ assures an intelligence level equal 
to that of the average college student. On the other 
hand, a considerable number of the uniformed students 
have been merely changed from civilian to military 
status, simply moved from dormitory to barracks, in 
other words. Many have, of course, been moved from 
one institution to another, but this could scarcely ac- 
count for the difference. (Of course, there was that case 
of the man who transferred from Dartvard to Haleton 
and raised the scholastic standards of both colleges!) 

Are the uniformed students in a poorer condition, 
physically or mentally, for academic accomplishment? 
There is sharply differing opinion on this point. Some 


feel that the military requirements are so arduous that 
they leave little time or energy for scholastic applica- 
tion; others that the disciplined regimen, with its 





Editors 


Outlook 


definite (although perhaps insufficient) study time, 
insures more attention to work than would otherwise 
be given. But there is always the possibility—perhaps 
more than the possibility—that the mere fact of mili- 
tary status, with its implications, may produce an un- 
conscious mental condition prejudicial to the attain- 
ment of good “‘grades.’’ Or perhaps the same fact 
might work in the opposite direction, who knows? 

All of which indicates the difficulty of arriving at any 
conclusion or explanation, and what of it? We know 
what our educational problem is. We are given the 
material upon which we must work. Let’s get on with 
it, and not worry about the ‘‘what-might-have-beens.”’ 

As a matter of fact, standards in practically every 
field have been lowered as a result of wartime condi- 
tions, although in most cases it is easier to see the 
reason. Our standard of butter or fresh fruit consump- 
tion has fallen off, for example—in fact, our whole 
standard of living. We don’t have the luxuries we had, 
partly because we simply can’t get them and partly 
because we don’t think we ought to be bothering about 
them now. 

The point is that all standards are relative, in the 
very nature of the process of standardization. How 
good must a thing be in order to be labeled ‘‘good’’? 
How poor must a student be in order to be so poor as to 
be considered a “‘failure’’? 

In most of our college catalogs is an explanation of 
the particular grading system used. Generally some 
such statement as this is found: ‘The grade of A is 
taken to indicate very high scholastic accomplishment.” 
But just how high is ‘‘very high’’ and who is to say that 
this is high enough? It is implied that if we could 
arrange all students in sequence, like the elements in 
the Periodic Table, but in the order of their scholastic 
accomplishment (whatever we may take that to mean), 
then those in the first half would be ‘“‘high’”’ and those 
in the last half would be ‘‘low.” If we want the ‘‘very 
high” group, we must take a limited portion of the first 
half. In other words, it is a relative matter, and we 
establish in our own minds (according to our sense of 
the fitness of things and the meaning of words) some 
fraction which, in a homogeneous group, we will con- 
sider to be superior. 

And the same applies, in general, at the lower end of 

(Continued on page 553) 
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Early Philadelphia Sugar Refiners 
and Technologists 


Cc. A. BROWNE 
Bureau of Agricultural and Industrial Chemistry, U. S. Department of Agriculture, Washington, D. C. 


HE EARLY industrial development of Boston, 

New York, and Philadelphia followed a somewhat 
similar pattern. In all these cities the refining of 
sugar and molasses occupied a prominent place among 
other infant industries such as tanning, brewing, and 
distilling, and the manufacture of lime, bricks, pottery, 
linseed oil, and other colonial wares. On a map of 
New York of 1782 the writer (1) once indicated the 
location of six sugar houses, six distilleries, six breweries, 
five tanneries, three potteries, one linseed oil factory, 
one paper factory, and several other minor establish- 
ments. A map of Philadelphia? of 1777 shows a 
building marked ‘‘Sugar House” in the Kensington 
district, a short distance from the Delaware River near 
Pool Bridge and the fork of the roads to York and 
Frankfort. Particulars concerning this early sugar 
house are lacking. A paper mill, oil mill, fulling mill, 
and snuff mill are also indicated in the Philadelphia 
suburban districts shown on this map. 

The sugar refining business of Philadelphia until the 
time of the Civil War was largely localized in a section 
a short distance from the Delaware River north of 
Market Street. Thus we find as early as 1783 that a 
sugar refinery was operated at 77 Vine Street by Col. 
Samuel Miles and Col. Jacob Morgan whose names 
were associated with the refining industry of Phila- 
delphia for the next 20 years. Their refinery building 
passed through many changes of ownership for nearly 
a century. 

Another early refinery, contemporaneous with that 
of Miles and Morgan, was owned by Edward and Isaac 
Pennington at 155 Race Street. The failure of these 
and other early Philadelphia refineries to be established 
directly upon the Delaware became such a serious 
handicap in later years that the modern sugar refining 
industry moved after the Civil War to more favorable 
river-front locations. It was a condition similar to 
that which occurred in New York. 

The manufacture of refined loaf sugar from maple 
sugar was first performed in Philadelphia in 1790 
by the previously named firm of Edward and Isaac 
Pennington. The making of white loaf sugar from 
maple sugar would be regarded now as a very unwise 
proceeding for the refining process completely removes 
the distinctive agreeable flavor for which maple sugar 
is prized and for which it brings a market price much 
higher than that of pure refined sugar. The refining 
of maple sugar was not the regular business of the 

1Tllustrated lecture before the Philadelphia Section of the 


American Chemical Society, November 19, 1942. 
2 Surveyed by N. Scull and G. Heap. 


Pennington firm, and this particular operation was 
probably the result of some peculiar economic condi- 
tions. After 1800 the Pennington refinery was con- 
ducted exclusively by Edward Pennington until 1829, 
when the name of this family, after an association of 40 
years, ceased to be identified with the sugar refining 
business of Philadelphia. 

Just before Edward Pennington went out of busi- 
ness, Joseph S. Lovering, a grocer,. took up sugar re- 
fining. His name was most prominent in this branch 
of industry in the United States for the next 40 years. 
He appears as a simple sugar refiner in the old refinery 
building of Miles and Morgan which he had purchased 
on Vine Street, and then later as steam sugar refiner 
in a new building which he erected at 27 Church 
Alley. This new designation no doubt referred to 
certain advantages in the use of steam which Lovering 
introduced among other improvements in his refining 
operations. With regard to some of these operations 
the following statement is made in Joseph Jackson’s 
“Encyclopedia of Philadelphia’ (Vol. IV, p. 1122): 


“Mr. Lovering improved the methods of refining raw sugar 
and molasses and it is related that some sugar refiners in other 
parts of the United States took extraordinary means to learn the 
secret. It is even said that Mr. Lovering had an apartment at 
the refinery, fitted up with a maze of pipes and valves, which 
looked very significant but which had no use whatever. These 
were shown to visitors who departed more convinced than ever 
that Mr. Lovering’s process was a most intricate one.” 


In May, 1836, when the Beet Sugar Society (2) of 
Philadelphia was organized, the first association of 
its kind in the United States, Joseph Lovering took an 
active interest in the movement and his name appears 
on the board of managers. As another outstanding 
example of Lovering’s progressive spirit it should be 
mentioned that Joseph S. Lovering and Company were 
the first sugar refiners in America to make use of the 
polariscope in the control of their factory operations. 
The instrument which they used was an early model of 
the Biot polariscope made by Soleil in Paris. The loaf 
sugar made by Lovering was of such high purity that 
Professor R. S. McCulloh in his classic researches on 
sugar and hydrometers used it as a standard of com- 
parison. This competent expert ‘remarked in this 
connection: 


“In my own researches I have employed, as a standard, 
powdered loaf sugar . . . refined by J. S. Lovering & Co., of 
Philadelphia, by the vacuum process, and without the use of 
blood, eggs, or any other objectionable substance; the purity 


of which I ascertained by the most delicate tests; and I could not 
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detect in it the slightest trace of foreign matter. The beauty 
of the sugar refined by this house exceeds that of any foreign 
sugar I have seen; and having been permitted to inspect their 
establishment, and carefully examine the process of refining 
there employed, through all its different stages, I feel assured 
that the sugar I adopted as a standard has been subjected to no 
action which could impair its perfect purity” (3). 


In the industrial use of the polariscope, so soon after 
its invention by Biot, Lovering and Company kept 
abreast with the most progressive of European re- 
fineries. In this connection McCulloh remarked again: 


“Already has this beautiful discovery of Biot found its way into 
refineries; and the house of MM. Say & Dumeril, of Paris, 
have employed it with accuracy and profit. The highly intelli- 
gent and enterprising proprietors of J. S. Lovering & Co., of 
Philadelphia, have also availed themselves of this process; and 
in their establishment may be seen practically illustrated, on a 
large scale, the advantages to be attained by the union of science 
and art”’ (4). 


The extract just quoted is taken from the first funda- 
mental treatise on sugar analysis to be published in the 
United, States. This was McCulloh’s report of ‘‘Scien- 
tific investigations in relation to sugar and hydrome- 
ters’ made at the request of Secretary of the 
Treasury, J. C. Spencer, in March, 1844, to Professor 
A. D. Bache, a well-known Philadelphia scientist and 
great-grandson of Benjamin Franklin, who at the time 
was U. S. Superintendent of Weights and Measures in 
Washington. The duties of Professor Bache in the 
latter position made it impossible for him to do anything 
more than to act as a general supervisor of the pro- 
posed investigations. The actual performance of the 
work he, therefore, entrusted to Richard S. McCulloh, 
a former ‘professor of mathematics, natural philosophy, 
and chemistry in Jefferson College (5). 

The first edition of McCulloh’s report was soon ex- 
hausted, and in 1848 a second revised edition was 
published by order of Congress as Executive Document 
No. 50 of the Senate, 30th Congress, Ist Session. This 
work of 653 pages and 9 plates of illustrations discusses 
in full scientific detail not only the basic principles of 
sugar analysis (including the construction and calibra- 
tion of polariscopes, hydrometers, and other laboratory 
apparatus, and the description of the newly introduced 
Trommer copper reduction test for reducing sugars) 
but also the construction and operation of sugar house 
and refinery equipment (such as clarifiers, bag filters, 
evaporators, bone black tanks, vacuum pans, and 
driers) for the manufacture of sugar from the cane and 
beet. 

In conducting his investigation McCulloh made trips 
to Louisiana and Cuba to investigate processes of manu- 
facture and to collect samples of plantation sugars and 
molasses which were analyzed in his Philadelphia labo- 
ratory along with samples of imported sugars and 
molasses collected at the custom houses of different 
ports of the United States. The products comprised 
77 samples of molasses, 30 of molasses sediments, 53 
of white clayed and broken loaf sugars, 177 of musco- 
vado sugars, and 11 of miscellaneous sugars, a total 
in all of 348 samples. 
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McCulloh received valuable assistance in his in- 
vestigations from the Philadelphia consulting firm of 
J. C. Booth* and M. Boyé, who were the first commer- 
cial analysts in the United States to make use of the 
polariscope in analyzing sugars and molasses. The 
instrument which they employed was an early type of 
Ventzke polariscope made by Maywald of Berlin (6). 

In 1846, while in the midst of his sugar investiga- 
tions, McCulloh was appointed melter and refiner of 
the U. S. Mint in Philadelphia—an extra burden of 





NorBERT RILLIEUX, 1806-1894, INVENTOR OF MULTIPLE- 
EFFect EVAPORATOR, WHOSE First FACTORY SCALE TRIPLE- 
Errect APPARATUS WAS MANUFACTURED BY MERRICK AND 
TOWNE OF PHILADELPHIA 


duties that caused some delay in completing the new 
edition of his report on sugar. The delay, however, 
enabled him to bring his report more nearly up to date. 
His treatise was modern for its time and included 
descriptions of the newly patented leaf filter of Joseph 
Lovering of Philadelphia and the multiple effect evapo- 
rator of Norbert Rillieux of New Orleans, which is 
probably the greatest invention in the history of 
American chemical engineering. 

Philadelphia played an important role in the develop- 
ment of this epoch-making invention, for when Rillieux 
had worked out the preliminary experiments for his 
multiple-effect evaporator he entrusted the construc- 
tion of his first factory scale triple-effect apparatus to 


* For photograph of James Curtis Booth, see J. CHem. Epvuc., 
20, 7 (1943). 





524 


the manufacturing firm of Merrick and Towne of that 
city. The first evaporator was operated with great 
success in 1845 on the-Myrtle Grove plantation of 
Theodore Packwood in Louisiana. The use of Ril- 
lieux’s new evaporator spread rapidly because of its 
great economy in operation, and Merrick and Towne 
did a good business for a number of years in supplying 
the demands for this equipment. 

J. S. Lovering and Company continued to refine 
sugar at 27, afterward 225, Church Alley, until 1867 
when the business of this historic firm was taken over 
by Davis, McKean, and Company, who continued to 
operate in the old Lovering refinery. 

Meanwhile other new progressive sugar refineries 
had been springing up in Philadelphia. Only a brief 
mention can be made of them. In 1857 the two brothers 
Edward P. and Joseph H. Eastwick, after completing 
their studies in chemistry under Wohler at Gottingen 
University, established a steam sugar refinery at 73, 
afterward 221, Vine Street, in the previously used re- 
finery building of Miles and Morgan which was said to 
be the oldest in Philadelphia. While at Géttingen the 
Eastwick brothers had as their laboratory instructor 
Dr. Charles Anthony Goessmann, Wohler’s chief 
assistant, and on their return to Philadelphia they 
offered Goessmann the position of chemist and general 
superintendent in their new refinery. Goessman ac- 
cepted the position, and on coming to Philadelphia in 
1857 brought with him a considerable supply of labo- 
ratory apparatus which he had purchased for the 
Eastwicks. He attempted to introduce certain im- 
provements in sugar refining but owing to the pending 
dissolution of the Eastwick partnership, could carry 
nothing to completion. He resigned his position in 
December, 1860, just before the Eastwicks abandoned 
their short attempt at sugar refining, and made a brief 
visit to Cuba to study the sugar cane and tobacco in- 
dustries of that island. 

There is not space in this paper to review Goess- 
mann’s later interests in the sorghum and sugar beet, 
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as sugar-producing plants, nor to consider his important 
work as Professor of Chemistry at the Massachusetts 
Agricultural College and as Director of the Massa- 
chusetts Agricultural Experiment Station, connections 
from which he retired in 1907 at the age of 80. In the 
50 years since his coming to Philadelphia with the 
Eastwick brothers in 1857, Goessmann exerted a 
many-sided influence upon chemistry in America along 
its industrial, agricultural, educational, and economic 
sides. He was president of the American Chemical 
Society in 1887, and in 1898 was a speaker at a notable 
reunion of old Géttingen graduates of 1855-56 at the 
Metropolitan Club in New York, at which he greeted 
among his old students two former presidents of the 
American Chemical Society, Charles F. Chandler and 
George C. Caldwell, and his Philadelphia employer 
of 40 years before, Joseph H. Eastwick. 

In 1857, the same year that the Eastwicks began 
operations, the name of Thomas A. Newhall, a com- 
mission merchant and importer at 64 South Front 
Street, appears in the list of Philadelphia’s sugar re- 
finers with that of his partner, George L. Harrison. 
The firm of Harrison and Newhall operated a sugar 
refinery on the corner of Race and Crown Streets.The 
appearance of this so-called ‘‘Pennsylvania Sugar Re- 
finery” (not to be confused with the later Pennsyl- 
vania Sugar Refining Company) is shown in an inter- 
esting contemporary lithograph. It was a seven-story 
building fronting on Crown Street. Horses are shown 
hauling hogsheads of raw sugar and molasses on two- 
wheeled drays up Race Street from the Delaware water 
front—a visible proof of the inconvenience and expense 
of the old practice of locating refineries at a distance 
from the river. 

After being unloaded, the hogsheads were hoisted 
up the outside of the building to the top story, where 
their contents were dissolved in blowups. After clarify- 
ing and filtering, the solution descended by gravity 
through the various stages of manufacture, the clarified 
sirup being evaporated in a vacuum pan to a massecuite 
which, after crystallization, was set aside in molds in 
the fill house (presumably the part of the refinery at 
the left) for the adhering sirup to drain away. 

The Harrison and Newhall Refinery at Race and 
Crown Streets was operated under the firm name of 
Thomas A. Newhall and Sons from 1860 to 1867 when 
the business was taken over by the new firm of Newhall, 
Borie, and Company. 

In 1859, B. H. Bartol and Alfred Kusenberg estab- 
lished the so-called ‘‘Grocers’ Steam Sugar Refinery” 
at 1012 Passyunk Road. Kusenberg retired in 1864, 
the business then being conducted solely under Bar- 
tol’s name. This is said to have been the first house in 
Philadelphia to make a washed high-grade sugar from 
molasses by the centrifugal process. Sugar houses, 
whose operations consisted solely in recovering sugar 
from molasses, were called rather derisively ‘‘smear 
houses,” from the smeary character of the products 
with which they worked. ‘Smear houses” of all 
types were common establishments in the United 
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States and Canada* 60 and more years ago. In such 
houses the bone-black filtration and baking of the loaf 
sugar were usually omitted, the resultant soft brown 
sugar being sold either to groceries for direct con- 
sumption or to refineries for conversion into white 
sugars. 

In addition to the cases of Joseph Lovering and 
Thomas Newhall, there were numerous other examples 
in Philadelphia where wholesale grocers, who were 
also importers and commission merchants, went into 
the business of refining sugar. Edward C. Knight 
(mentioned by S. N. Winslow in 1864 in his ‘“Biog- 
raphies of Successful Philadelphia Merchants’’) and 
his partner Charles A. Sparks are listed in the Phila- 
delphia directories between 1860 and 1870 as whole- 
sale grocers, commission merchants, and importers, 
also as agents for the sale of the products of the South- 
wark .Sugar Refinery and Grocers’ Sugar House. A 
development from the status of sugar brokers to that 
of sugar refiners seems to have been not very difficult 
and so after 1870 the firm of E. C. Knight and Company 
appears in the directories as importers and sugar re- 
finers. This firm held a prominent position in the 
history of Philadelphia sugar refining until 1892, when 
its business was purchased at a value of $800,000 by 
the American Sugar Refining Company. Another 
example, similar to that of E. C. Knight and Company, 
is that of the still existent Philadelphia firm of W. J. Mc- 
Cahan and Company, who in the directories before 
1873 are listed as grocers, and after 1873 as sugar re- 
finers. 

In 1863 the old Eastwick Brothers refinery building 
on Vine Street was sold to Harrison, Newhall, and 
Welch whose interests in 1864 were merged into that 
of the new firm of Harrison, Havemeyer, and Company 
(Charles C. Harrison, Theodore A. Havemeyer, W. W. 
Frazier, Jr., Alfred C. Havemeyer), the name Have- 
meyer, sO prominent in earlier and later New York 
sugar refining history, now appearing for the first time 
in that of Philadelphia. 

It would exceed the limits of the present paper to 
trace in detail the very involved history of sugar re- 
fining in Philadelphia during the Civil War and post- 
Civil War periods, when this industry, the same as 
others, was in a state of depression and uncertainty. 
The sugar refining industry, being in a transition period, 
was in a particularly bad situation. The margin between 
the price of raw and refined sugar was constantly drop- 
ping, and the old methods of manufacture were no 
longer profitable. The disgusting process of blood 
clarification and the antiquated fill house (with its 
countless molds and draining pots and its wasteful 
requirements of space, time, and labor) were then in 





3 In 1937 during a visit to the State Archives of Nova Scotia 
in Halifax, the writer found numerous references to the early 
molasses refining industry of that city. In the ‘‘Proceedings of 
the House of Assembly” for March 22, 1825, is a recommenda- 
tion that a drawback of one penny per gallon be allowed on 
20,681 gallons of molasses used in the manufacture of refined 
sugar since the previous September by the Halifax Sugar Re- 
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full sway. Chemical control for preventing refinery 
losses did not become general until after 1880. One by 
one the less efficient refineries went out of business. 
It soon became a mere question of the survival of the 
fittest. Attempts were made in the interest of self- 
preservation to limit the meltings of sugar, but these 
efforts proved to be utterly futile. The final outcome, 
when the growing losses of business threatened a wide 
disaster, was a gradual consolidation, with a reduction 
in the number of refineries, and the introduction of new 
processes of greater economy and efficiency. This is 
shown in the following statistics of Philadelphia sugar 
and molasses refineries taken from the U. S. Census 
Reports for different years: 


STATISTICS OF PHILADELPHIA SUGAR AND MOLASSES REFINERIES 


Value of 


Number Raw Sugar Value of 

Cen- of Number of Wages of and Refined 

SUS Year Refineries Employees Employees Molasses Products 
7th 1850 5 278 $ 92,544 $ 934,000 $ 1,158,000 
8th 1860 8 478 177,708 4,844,950 6,356,700 
9th 1870 15 1241 663,408 24,417,982 26,731,010 
10th 1880 11 1073 474,017 21,943,943 24,294,929 
llth 1890 8 1521 753,386 41,141,841 46,598,524 
12th 1900 7 1249 647,592 33,300,578 36,163,817 
15th 1930 3 1715 2,726,953 64,737,889 73,989,294 


It will be noted that between 1850 and 1870 there was 
a three-fold increase in the number of Philadelphia 
refineries, nearly a five-fold increase in the number of 
employees,: and a twenty-three-fold increase in the 
value of products. Asa result of the financial depression 
in the decade 1870-80, the statistics showed a marked 
decline in every respect, although Lorin Blodget (7), 
writing in 1877, states that one or two establishments 
in this critical period were able to double their produc- 
tion and at the same time shorten the time necessary 
to make fine sugar. The effect of the new improve- 
ments is indicated by the almost doubling of production 
in the decade 1880-90, with a one-third reduction in 
the number of refineries. 

In this period of readjustment, when qld and new 
methods of manufacture were vying for supremacy, 
the sugar refining business of Philadelphia, as of other 
cities, was in a chaotic state. Firm names were con- 
stantly changing with the withdrawal of owners and 
the shifting of partners from one establishment to 
another. The firm of Newhall, Borie, and Company, 
for example, leaving the old refinery building of Harri- 
son and Newhall at Race and Crown Streets, joined 
forces with Thomas McKean of Davis, McKean, and 
Company, who had bought the old Lovering refinery at 
225 Church Alley. The new firm continued to oper- 
ate in this building under the successive names of Mc- 
Kean, Newhall and Borie, and McKean, Borie, and 
Company until 1887, when the firm dissolved and the 
historic Lovering sugar house went out of existence. 
The trouble here was probably the common one of 
trying to conduct an up-to-date business in an unfavor- 
able location with an obsolete building and equipment. 
It was not a happy time for sugar chemists. Thus Dr. 
J. H. Tucker, whose well-known “Manual of Sugar 
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Analysis,” through its six editions between 1881 and 
1905, held a leading place among books on the subject, 
was chemist for McKean, Borie, and Company and 
found himself without a position on the breaking up 
of their business. After a brief connection with the 
sugar industry of Cuba, he abandoned sugar tech- 
nology as too uncertain and devoted the rest of his life 
to mining and smelting operations with headquarters 
in Salt Lake City. 

Harrison, Havemeyer, and Company, who had ac- 
quired the old Miles and Morgan refinery building at 
221 Vine Street, realized the great disadvantage of 
working in an unfavorably located obsolete factory and 
in 1866 built a new refinery on the water front at 
Delaware Avenue and Bainbridge Street which, be- 
cause of the manufacture there of the famous brand of 
Franklin Sugars, became known a decade later as the 
Franklin Sugar Refinery. This progressive firm in 
1876 employed as their chemist and engineer Mr. 
Samuel Morris Lillie, who is widely known for his im- 
portant inventions on the economy of heat in sugar 
refining and other industries. He was the inventor of 
the widely used Lillie multiple-effect film evaporator 
in which the sugar, or other solution to be concen- 
trated, was sprayed as a fine shower in a vacuum over 
the heating coils. The great advantages of this system 
of evaporation were: (1) the higher efficiency, there 
being no tendency for the boiling point to be raised by 
the pressure of a column of liquid on the heating sur- 
faces; (2) the greater prevention of destruction of 
sugar by caramelization, the quantity of juice in proc- 
ess of evaporation at one time being small and hence 
but a short time under treatment; and (3) the more 
easy escape of vapor with prevention of the spurting 
and losses of sugar by entrainment in the condensation 
water. Mr. Lillie resigned his position with the Frank- 
lin Sugar Refinery in 1884 in order to devote his whole 
time to the manufacture and introduction of his 
numerous inventions. In 1889 he published his well- 
known treatise on ‘Heat in Sugar Refineries.’ Mr. 
Lillie conducted his manufacturing business in Phila- 
delphia up to the time of his death about nine years ago. 

Lillie’s successor at the Franklin Refinery was 
another eminent sugar chemist and technologist, the 
late Dr. Samuel Cox Hooker. In writing to me in 
April, 1935, shortly after the death of Mr. Lillie and 
only a few months before his own passing, Dr. Hooker 
has this to say about his connection with the Franklin 
Sugar Refinery: 


“TI went as chemist to this Philadelphia Refinery in 1885. My 
chemist predecessor was Mr. S. Morris Lillie, who subsequently 
devoted his life to inventing and constructing apparatus having 
to do with economizing heat. I believe practically all the mul- 
tiple evaporators in the Refineries for the concentration of sweet 
water are still Lillie evaporators; some were also used for con- 
centrating cane juice in raw sugar factories, but they were not 
generally used in the beet sugar industry. They were also in- 
stalled, I believe, on many of the United States’ war vessels for 
making distilled water economically, and have been used in the 
salt and other industries. Mr. Lillie’s death occurred recently 


after being struck by an automobile in Philadelphia. 
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“I happened to meet Dr. Tucker by chance at a boarding 
house where we both took our meals. We became good friends. 
He was then employed as chemist at the Newhall Refinery in 
Philadelphia. After the closing of the Newhall Refinery, Dr. 
Tucker made a short business trip to Cuba, and this I think was 
his last connection with the sugar industry. He went West and 
with headquarters at Salt Lake City became interested in mining 
and smelting. For some years he corresponded with me. Then 
I heard no more from him, and later when I went to Salt Lake 
City in connection with the beet sugar industry and tried to get 
in touch with him, I heard he had died a number of years before. 

“T was chemist at the Franklin Refinery from 1885 until the 
time when it was acquired by the now American Sugar Refining 
Company. Shortly after that time, in the early 90’s, the Frank- 
lin Refinery was closed and my headquarters were transferred 
to the refinery built by Claus Spreckels at Philadelphia which 
had also been bought by the American Sugar Refining Company. 
From that time on the Franklin sugars were made at that Refin- 
ery. The brand is still a very popular one.” 


In further elucidation of Dr. Hooker’s statement Mr. 
Louis A. Wills of the American Sugar Refining Com- 
pany, to whom I am greatly indebted for many points 
of information, writes me as follows: 


“In 1892 the American Sugar Refining Company acquired the 
Franklin refinery and at the same time the Spreckels refinery 
at the foot of Reed Street, which had been built in 1888. In 
1897 the Franklin plant was closed and ever since that time 
Franklin sugars have been produced in Philadelphia, exclusively 
at the Reed Street plant except for three periods during World 
War No. I, when it was reopened to supply sugar to the Allies. 
A few years later this refinery was dismantled.” 


The purchase of the Franklin Refinery by the 
American Sugar Refining Company, referred to in these 
communications, was the turning point in Dr. Hooker’s 
career. Mr. H. O. Havemeyer, the president of the 
American Sugar Refining Company, in his visits to 
Philadelphia, was impressed with Hooker’s ability and 
gave him assignments of increasing responsibility. 
These duties necessitated at times his attendance as 
chemical adviser at the directors’ meetings of the cor- 
poration in New York and he noted at these confer- 
ences that Mr. Havemeyer asked many questions about 
patents and processes to which immediate answers 
were not forthcoming. Hooker was quick to see his 
opportunity and, although the subject was not a part 
of his regular duties, he began at once to spend all his 
leisure time in an exhaustive study of the voluminous 
technological and patent literature upon sugar manu- 
facture and refining. Not long afterward when Mr. 
Havemeyer asked at his directors’ meetings for an 
opinion about a particular patent or process, Hooker 
was ready with an answer as to its utility and value. 
His promotion thereafter was rapid, and he soon 
became one of the leading consultants of his corpora- 
tion on all matters pertaining to sugar manufacture 
and refining. This turning incident in Hooker’s very 
successful career is one from which every young as- 
piring chemist might draw a lesson. 

Hooker’s technological ability is best illustrated by 
his work for the American beet sugar industry which 
was conducted during the latter part of his residence 
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in Philadelphia. When the American Sugar Refining 
Company acquired a controlling financial interest in 
many Western beet sugar factories, Hooker was as- 
signed the important task of organizing the technical 
work of these establishments upon a more efficient 
basis. The American beet sugar industry at that time 
was new and inexperienced. Great difficulties were 
encountered in operating the Steffen lime saccharate 
process for recovering sugar from beet molasses. 
This was one of the principal problems to which Hooker 
gave attention. He solved the difficulty by requiring 
the factories to adopt a finer grinding of the lime. He 
sought the best mill for this purpose and then by his 
own improvements perfected it so that it gave the de- 
sired results. The elimination of bluing for enhancing 
the brilliancy of beet sugars was another reform which 
Hooker introduced. 

In his connection with the beet sugar industry Hooker 
manifested rare business ability in contributing to the 
organization of the Great Western Sugar Company, of 
which he was a director from 1909 to 1913. He located 
several of the important plants of this company—loca- 
tions which in each instance have proved sound and suc- 
cessful. He showed fine judgment also in the organiza- 
tion of personnel and of his system of management, which 
is still largely retained by the company today. Hooker 
is often mentioned as the one who saved the American 
beet sugar industry from its ptevious state of dis- 
organization and placed it upon a high level of efficiency. 

In 1909 Hooker was appointed to the board of di- 
rectors of the American Sugar Refining Company and 
in 1912 moved his residence from Philadelphia to 
Remsen Street, Brooklyn, where he spent his remaining 
days. To indicate all that Hooker accomplished in 
this new position of responsibility lies beyond the 
limits of the present paper. Reference will be made 
only to his remarkable organizing ability, which is 
shown by the fact that at least seven of the men oc- 
cupying the highest positions on the technical staff of 
the American Sugar Refining Company 20 years after 
his retirement in 1915 were either originally engaged 
by him or were selected by him from young men em- 
ployed by the company. These included three of the 
superintendents and two of the plant engineers of the 
company’s five refineries, and two of the five men that 
comprised the company’s central operating staff in 
New York. 

Hooker once told me that he cared for sugar tech- 
nology chiefly as a means of securing financial in- 
dependence. He was an organic chemist of the highest 
order and in 1915, when he had acquired a sufficient 
competency for the rest of his days, he terminated his 
30-year productive connection with the American 
sugar industry and devoted the remaining 20 years of 
his life to organic chemical research. His outstanding 
work in this field on lapachol and its derivatives was 
published in the Journal of the American Chemical 
Society for 1936 in a remarkable series of 11 papers, 
edited by Professor L. F. Fieser of Harvard University 
after Dr. Hooker’s death on October 12, 1935. 
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Courtesy of Mrs. Sidney W. Davidson 
SAMUEL Cox HOOKER 


The developments, which preceded the founding of 
the present Pennsylvania Sugar Company of Phila- 
delphia, are a good illustration of the hazards and un- 
certainties of sugar refining in the transition period 
after the Civil War. For information and illustrative 
material upon this subject I am greatly indebted to 
Mr. Daniel Gutleben, Chief Engineer of the Pennsyl- 
vania Sugar Company. 

In 1868 John M. Hilgert founded the Girard Sugar 
Refinery at 5th and Lawrence Streets. His sons 
Charles M., Peter, and Isodore Hilgert continued the 
business under the firm name of John Hilgert’s Sons until 
1881 when Charles M. Hilgert, succeeding to the 
chief ownership, erected a new refinery at Wharf 46 
on the east side of North Delaware Avenue. He had 
scarcely started operations, however, when, because of 
the overpurchase of Cuban molasses on a falling mar- 
ket, his business failed and the refinery was sold by 
the sheriff to the Pennsylvania Sugar Refining Com- 
pany. This new firm, with Josiah P. Fernald as 
superintendent, and a force of 40 employees, began 
operations in 1883 as a molasses refinery for extracting 
raw sugar from the rich Cuban molasses of that period. 
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Courtesy of Dan Gutleben 


PENNSYLVANIA SUGAR REFINERY, PHILADELPHIA, AS IT APPEARED IN 1883 FROM THE END OF WHARF 46 ON THE DELAWARE RIVER 


A rear view of this refinery, showing the hogsheads of 
molasses on the wharf, the storage sheds, and the 
chimney with the old designation ‘Girard Sugar 
Refinery” is seen in the accompanying photograph 
taken in 1883. 

The Pennsylvania Sugar Refining Company con- 
tinued operations until 1896 when the decline in sugar 
content of imported molasses (owing to improvements 
in recovery by the tropical factories), increases in tariff, 
and other causes made molasses refining no longer 
profitable. The plant was closed, and it was not 
until 1912 that sugar refining by improved methods 
was inaugurated in the modernized building by the 
present Pennsylvania Sugar Company. 

Another instance of the conversion of a molasses 
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SKETCH OF THE DELAWARE SUGAR REFINERY, PHILADELPHIA, FROM A 
FIRE INSURANCE SURVEY OF 1890 By E. HEXAMER AND SON 


plant into a true sugar refinery is afforded by the case 
of the Delaware Sugar House of Philadelphia which 
in the 1870’s and 80’s boiled Cuban molasses for the 
extraction of sugar under the direction of the late 
George R. Bunker. The raw sugar which he made was 
sold to refiners by the firm of B. H. Howell Son and 
Company, who had an interest in the business. The 
operations of the Delaware Sugar House were con- 
ducted in a building erected in 1869-70 on the north- 
east corner of Reed and Swanson Streets. Because of 
the financial losses previously mentioned in refining 
molasses, Mr. Bunker converted his plant into a sugar 
refinery in the late 1880’s. The bone-black filters of 
this plant were purchased from George M. Newhall, 
who, after retiring from sugar refining, had gone into 
the business of selling machinery and sugar 
house equipment. It has been supposed that 
these filters may have been used in the old Thomas 
A. Newhall and Sons refinery at Race and Crown 
Streets. A sketch of the Delaware Sugar Re- 
finery, taken from a fire insurance survey of 
February, 1890, by E. Hexamer and Son, shows it 
to have been of five- and six-story construction, 
with attached one-story storage sheds. This re- 
finery, which had a capacity of about 400 barrels 
of sugar per day, was operated by Mr. Bunker 
until it was bought at a value of $96,000 by the 
American Sugar Refining Company about the 
time of its purchase of the Franklin, Spreckels, 
and E. C. Knight plants. 

The following facts regarding the Delaware 
Sugar House, communicated to me by Mr. 
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Ellsworth Bunker, son of Mr. George R. Bunker, have 
a particular interest in this connection: 


‘‘The Delaware Sugar House was owned by B. H. Howell Son & 
Company, the Bartol family of Philadelphia, my father’s uncle, 
John Wilson, and my father. My father, who was born in 1845, 
went there as a young man with his uncle, John Wilson, who had 
formerly been a partner with another uncle of my father, Edward 
Crabbe, in the firm of Crabbe and Wilson who operated a molas- 
ses house in Brooklyn. I remember my father saying that the 
first five thousand dollars he saved, he invested with John Wilson 
in a sugar plantation in Louisiana. As the Delaware Sugar 
House was closed for considerable periods during winter, it was 
their custom to go to Louisiana at these periods. On one of 
these trips John Wilson contracted yellow fever and died there. 
When it was known that he had yellow fever, all of the planta- 
tion personnel cleared out and left my father alone to take care 
of him. The plantation was unsuccessful, and I can remember 
my father telling me what a great misfortune he thought it was 
at the time to have had all his early savings wiped out, but that 
looking back on it some years later he concluded that it was the 
best thing that could have happened to him. I think the plant 
was converted to a refinery during the 1880’s and must have been 
sold before 1893. 

“Another incident about the sale might interest you. When 
the American Sugar Refining Company was buying up the Phila- 
delphia refineries, they made an offer to the owners of the Dela- 
ware refinery to purchase their stock at $150 per share. My 
father thought this price too low, but the other owners thought 
they ought to accept the offer because they would be unable to 
stand the competition of the American. As my father had had 
the sole responsibility for the business, they decided to leave the 
matter to his judgment. He told me that he knew he would 
have some very stiff competition and looked everywhere to see 
where he could pick up cheap raw sugars. He found that he 
could buy beet seconds in Germany, imported them, and ran 
most of the year on these sugars. At the end of the year they 
showed a profit of $5000, much to everyone’s surprise, and were 
offered $550 a share for their stock. 

“My father expected to retire from business then and was 
traveling abroad when he received a cable from the Howell and 
Tooker interests asking whether he would join them in building a 
refinery at Yonkers. He did so, and on his return drew the plans 
for the refinery which was the beginning of The National Sugar 
Refining Company. George M. Newhall and Company of Phila- 
delphia were the engineers. The refinery at Yonkers began 
operations in 1893.” 


Dr. W. D. Horne informs me that he served as con- 
sulting chemist for Mr. G. R. Bunker at the Delaware 
Sugar Refinery of Philadelphia in the early 1890’s and 
that the association then commenced led to its con- 
tinuance when Mr. Bunker helped establish the 
National Sugar Refinery. This relationship lasted 
until 1925 when Dr. Horne terminated his long 32-year 
connection with the sugar refining industry of Yonkers. 
He thus deserves to be mentioned with the other emi- 
nent sugar technologists who were active 50 and more 
years ago in Philadelphia. 

It would be unpardonable in this sketch of early 
Philadelphia sugar technologists to pass over the 
name of the late Lewis Sharp Ware. He was born in 
Philadelphia on June 18, 1851, and after attending 
school in this city went abroad to complete his educa- 
tion in the technical colleges of Europe. He acquired 
special training in chemical technology at the Ecole 
Centrale des Arts, Agriculture, et Manufactures, where 
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The National Cyclopedia of American Biography 
GEORGE RAYMOND BUNKER 


under the influence of Professors Payen and Dumas, 
and other teachers his interest was aroused in the 
agriculture and technology of beet sugar production. 

During his residence of 14 years in France and Ger- 
many Ware visited the most important beet sugar 
establishments of Europe. With the information thus 
gained he returned to Philadelphia where he inaugu- 
rated a most vigorous campaign toward establishing 
the beet sugar industry in the United States. At his 
own expense he distributed countless pamphlets and 
many thousand pounds of imported sugar beet seed 
among the farmers of the United States. 

As additional means of promoting an American beet 
sugar industry -Ware helped to establish in Philadel- 
phia in 1880 the first journal in the United States to be 
devoted to the agriculture and technology of the beet 
sugar industry. This journal, called The Sugar Beet 
had a wide circulation and helped greatly toward 
placing our domestic beet sugar industry on a firm 
basis. It continued for 32 years under the able editor- 
ship of Ware, until its publication was discontinued 
at the end of 1911. 

As a third means of promoting the industry which he 
had so much at heart, Ware began in 1880 to write and 
publish a series of important books upon various 
phases of the beet sugar industry and for the next 
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Courtesy of the Franklin Institute 
LEWIS SHARP WARE 


30 years his pen was never idle. Among his books may 
be mentioned “The Sugar Beet, Including a History of 
the Beet Sugar Industry in Europe”’ (1880); ‘‘Study 
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of Various Sources of Sugar” (1881); ‘Sugar Beet 
Seed” (1898); ‘‘Cattle Feeding with Sugar Beets, 
Sugar, Molasses, and Sugar Beet Residuums’’ (1902), 
a book dedicated to Dr. Harvey W. Wiley as his 
friend and coworker in introducing the beet sugar in- 
dustry into the United States; and finally his highly 
important two-volume technical treatise on “Beet 
Sugar Manufacture and Refining” (1905-7). 

Mr. Ware spent his last years in Paris, where he died 
on December 20, 1918. In the course of his very active 
career he collected an immense library of 12,000 works, 
the largest of the kind ever assembled, on the historical, 
agricultural, industrial, and economic phases of the 
sugar industry, which he bequeathed to the Franklin 
Institute of Philadelphia. This magnificent collection, 
separately catalogd according to language, is now 
consulted by sugar technologists from all parts of the 
world who are filled with awe not only at its immensity 
but also at the colossal energy of the man who did so 
much toward promoting one of our most important 
agricultural industries. 
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Detection of Halides 
G. W. THIESSEN, K. M. BECK, and A. E. SMITH 


Monmouth College, Monmouth, Illinois 


IN BEGINNING inorganic qualitative analysis 
or even freshman general chemistry there is often 
occasion to have the student identify the anion of a 
halide. A simple means of doing this is to concen- 
trate the halide if it is in solution by acidifying the 
solution with nitric acid and precipitating it with 
silver nitrate, decanting, and oxidizing the silver 
halide to give a free halogen. The halogen is then 
volatilized and identified by color, odor, and action on 
litmus paper. (Chlorine and bromine will bleach 
moist litmus paper and iodine will turn the paper gray 
due to the formation of crystals on it.) The halogen 
may also be condensed by passing it through a glass 
tube inserted in a stopper in the test tube into a cold 
receiving vessel and thus be identified. 

The oxidation is accomplished by mixing 0.3 to 
0.4 g. of the wet silver halide precipitate with 0.1 to 


0.2 g. of manganese dioxide in a test tube and adding 
2 to 3 ml. of concentrated sulfuric acid. The test tube is 
warmed over a flame and the free halogen comes 
off as a gas which can be readily identified by its 
color. 

The test can be applied to qualitative organic analy- 
sis when a Beilstein or sodium fusion test shows a 
halogen present. The halide is concentrated from 
the sodium fusion liquid with silver nitrate, and the 
silver salt is oxidized. 

Although this procedure is not applicable to a mix- 
ture, there are more meticulous standard methods for 
such. This method has the advantages of being quick 
and simple, and requiring no special apparatus. It is 
superior to the standard chlorine water test usually 
employed in freshman courses because it gives a posi- 
tive test for the chloride. 
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Library versus Laboratory Researeh 


ARTHUR G. CONNOLLY 
Du Pont Building, Wilmington, Delaware 


HE PROBLEM of the research scientist is today 

more complicated than ever before. He must in- 
vent bigger and better inventions in less time and under 
all the disadvantages of wartime restrictions on person- 
nel, materials, etc. The average research director is 
attempting to solve these difficulties by increasing the 
size of his staff, where he is fortunate enough to be able 
to obtain additional personnel, and by spending more 
money on the materials and facilities that are still avail- 
able. This, however, is but a partial solution of the 
problem. Far more could ordinarily be accomplished 
by placing increased time and emphasis on a careful 
analysis of the technical literature. Despite this fact, 
however, the war is used by many as an excuse to de- 
vote even less time to the technical literature than the 
few hours which were heretofore begrudgingly allotted 
for this purpose. The romance of discovering the se- 
crets of nature in the laboratory still appeals much 
more to the average research scientist than the drudgery 
of carefully considering, digesting, and correlating tech- 
nical treatises, publications, and patents. 

The disadvantage of embarking on an important and 
expensive research program without first making an 
adequate survey of the technical literature is still pres- 
ent, but pitifully few directors of research appear to 
recognize it or to be inclined to do anything about it. 
Statistics of the Patent Office indicate that at least 30 
per cent of the patent applications filed are abandoned, 
the great majority because they disclose nothing pat- 
entable over the technical literature. This involves 
a loss of millions of dollars annually, but it still con- 
tinues. Furthermore, it is likely that an even larger 
number of patent applications issue with patent pro- 
tection so emasculated that they have, at most, a nui- 
sance value. Many of these abandoned and emascu- 
lated patent applications are supported by research 
programs as extensive and expensive as the small minor- 
ity of important and valid patents which are issued. 
Public opinion to the contrary notwithstanding, valid 
patents have not joined the dinosaur as extinct curiosi- 
ties. 

If these research programs had been based upon an 
adequate search of the literature they would not have 
ended by rediscovering what was already described in 
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this literature. They would have been devoted to vir- 
gin fields wherein the inquisitive gaze of the scientist is 
sadly needed. In these fields the same time and money 
would have produced inventions upon which valid pat- 
ent protection of genuine value could have been ob- 
tained. These inventions would not only have been of 
importance to humanity but the patent protection 
which could have been obtained on them would have de- 
frayed the expense of further research by the organiza- 
tion in question. 

An endeavor will now be made to explain some of the 
more important advantages of library research, the 
reasons for these advantages, and certain popular mis- 
conceptions about them. 

Two outstanding advantages of library research are: 
(a) time and money will not be wasted by repeating 
work which has already been completed and described 
in the literature; (6) important inventions frequently 
may be made by a careful study and correlation of the 
pertinent literature. 

The first advantage is self evident. The second is 
not generally appreciated and will hereafter be discussed 
in some detail. 

It may first be asked how it is possible to make inven- 
tions merely by studying and correlating the pertinent 
literature. Obviously the invention is not described 
verbatim in the literature or it would be old. The 
vague outlines of inventions, however, may be, and 
frequently are, apparent from a careful examination of 
this literature. 

A prior investigator may have published an experi- 
ment which solved the problem in which he was inter- 
ested. This experiment might also be the solution to an 
entirely different problem in which some other scien- 
tist is interested. 

Likewise, the prior investigator may have failed to 
solve his problem, yet another by studying the publica- 
tion could see the reason for the failure and overcome it. 
No two people have identical knowledge, ability, and 
imagination, and a problem which baffles one may be 
relatively simple to another. ‘This is particularly true 
when a scientist has the benefits of the published in- 
vestigations of several others on the same or a related 
problem. He frequently has a better perspective than 
those who carried on the investigations. Furthermore, 
he has the benefit of different approaches to the same 
problem. 
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A single piece of a jig-saw puzzle does not make much 
sense. Several pieces fitted together, however, may 
give the answer, even though some of the pieces are still 
missing. 

Having seen that it is possible to make inventions by 
studying the literature the next question is, why is this 
any better than making the same inventions in the 
laboratory? The answer is that it is quicker and 
cheaper, and generally produces better patent protec- 
tion. 

Patent protection is now sought on practically all re- 
search in order to protect it and assure some return on 
the investment. It is, therefore, important to note 
that better patent protection can generally be obtained 
on inventions made in the library than on those based 
upon prolonged laboratory research. This statement, 
of course, is not applicable to all inventions but the ex- 
ceptions are much less frequent than is generally real- 
ized. 

The reason better patent protection can be obtained 
on inventions made in the library is that a patent appli- 
cation can be filed on the invention at a much earlier 
date than would be possible if a prolonged laboratory 
research program had to be completed. Library re- 
search on most problems requires but a few days or 
weeks, and the patent application may be filed imme- 
diately after its completion or, at most, immediately 
after the completion of a few “‘high-spot’’ experiments 
to check the accuracy of the conclusions. The over-all 
time is but a matter of weeks or months, and very few 
important research programs are completed in such a 
short time. 

The importance of an early filing date on a patent 
application is that there is less prior art to contend with, 
and the inventor is in a favored position if his applica- 
tion becomes involved in an interference. Any scien- 
tist who has ever been in an interference appreciates 
fully this latter statement. Its full significance is, 
however, unappreciated by most scientists, so it might 
be helpful to explain it briefly. 

An interference is a proceeding instituted by the 
Patent Office, generally between two or more inventors 
seeking patent protection on the same invention. Its 
purpose is to determine which of the inventors made 
the invention first. The first inventor then receives the 
patent and the others receive a liberal education on how 
not to keep records. 

In an interference, the applicant having the earliest 
filing date on his patent application is referred to as the 
“senior party.’’ The later applicant is referred to as 
the ‘‘junior party.”’ Practically all doubts on the ques- 
tion of priority are resolved in favor of the senior party. 
He is presumed to be the first inventor until his oppo- 
nent has proved an earlier date of invention. 

The junior opponent, in proving his earlier date of 
invention, is confronted with a multitude of obstacles. 
His records are subjected to the most minute scrutiny. 
Each and every detail of the interfering invention, as 
described by the counts, must be proved to have been 
a part of his original inventive concept and of his so- 
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called ‘‘reduction to practice.”” Omission of a single 
detail is fatal. 

“Reduction to practice’ is generally accomplished 
by carrying out the invention in a laboratory or plant 
and testing it to see whether it works. It sounds sim- 
ple, but proving it is quite another matter. This proof 
is one of the great obstacles in an interference proceed- 
ing, because even though the inventor has excellent 
records describing in minute detail everything that he 
did, and even though these records dovetail perfectly 
with the interference counts, the proof is inadequate. 
The inventor’s records and testimony must be cor- 
roborated by spmeone else. Since the inventor is pre- 
sumed to be biased, his records and testimony are 
practically worthless in the absence of corroboration. 

This question of corroboration has sent chills down 
the spines of most patent attorneys who have indulged 
in the manly art of prosecuting interferences. The 
standard of corroboration has been raised to such a level 
that, according to a few decisions, nobody but a Siamese 
twin of the inventor could qualify. 

In various cases the Patent Office has held that the 
corroborating witness must be a skilled scientist who 
understands what the inventor is doing. He must be 
present and fully aware of everything which the inven- 
tor is doing at the time the invention is embodied in 
physical form and tested. 

If there were any question of unemployment in the 
research profession this problem of corroboration 
would certainly be the solution. In effect, it would re- 
quire each research staff to be doubled—one half of the 
staff would do the inventing and the other half would 
do the looking on. 

The junior party in an interference must therefore 
overcome all these obstacles before he can dislodge his 
opponent from the favorable position obtained as a re- 
sult of having filed his application first. Until the 
junior party overcomes these obstacles the senior party 
need only rely upon the date when he filed his patent 
application. He need not take testimony to develop 
the background of his invention. 

The purpose of referring to these interference prob- 
lems is solely to emphasize the importance of filing a 
patent application at.the earliest possible moment. 
This can be done only by making full use of the techni- 
cal literature in the first instance. This does not, of 
course, mean that laboratory research should be neg- 
lected but only that the two should be brought into 
proper balance by placing more emphasis on library 
research. 

When a mountain of technical literature representing 
an investment of fantastic proportions is available to 
every research scientist, practically free of charge, it is 
a mystery why it is not put to greater use. 

The answer to this mystery may be that the average 
research scientist is temperamentally wedded to the 
laboratory. He prefers the manipulation of beakers, 
test tubes, autoclaves, etc., to the dull task of studying 
the literature. If this is the answer, then the scientist 
should endeavor to reappraise the relative values of the 
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laboratory and the library. By appreciating more 
fully what is to be gained from the literature he will un- 
doubtedly devote more time to it. 

Another answer may be that because the literature 
describes so many investigations which either failed or 
were commercially impractical, the scientist cannot see 
how it would help him. An intimate knowledge of the 
scientific failures of others is helpful, however, if for no 
other reason than to avoid repeating them. 

Another reason may be that the scientist feels there 
is something unethical about making an invention in the 
library and describing it in a patent application, which 
may then be based to a great extent upon the pub- 
lished work of others. He feels that he should not reap 
where he has not sown; for this reason he should at 
least duplicate what has been done by others, and if it 
must be duplicated, why not have the fun of doing it 
in the laboratory instead of wasting time in the library? 
It is an interesting fact that the average scientist is 
reluctant to file a patent application on an invention 
which he made solely by studying the literature. Yet, 
once he has duplicated this work in the laboratory his 
inhibitions disappear entirely, although the invention 
in each case is identical. 

This latter reason deserves more than passing atten- 
tion. It concerns a question of ethics, and it is believed 
that an improper conception of what is ethical has re- 
sulted in many scientists’ forfeiting inventions which 
were properly theirs. A brief discussion of this miscon- 
ception may be helpful. 

The person who deserves the reward is the one who 
makes the inyention, and those who have failed in this 
endeavor, no matter how closely they have come, are 
not the inventors. If others have fallen short of the 
mark and ended in failure they could not have been the 
inventors—because the invention has not yet been 
made. It is believed that there can be little question 
as to the soundness of this contention. 

Since the one who finally succeeds is the inventor, 
there is no reason why a scientist should be reluctant to 
make use of the work of others. He is not claiming that 
he did this work—he is merely using it as part of a com- 
plete invention which he was the first to discover. Be- 
fore using it he has to decide two questions: first, that 
the work of some one else was of value, as far as it went; 
and secondly, that it could be improved by making cer- 
tain changes in it. The resolution of these two ques- 
tions was no unimportant task, and the scientist who 
was responsible deserves credit for his discovery. To 
succeed where others have failed is a worthy accom- 
plishment, in science as elsewhere. __ 

Another costly misconception which confronts the 
scientist at this stage is whether he can file his patent 
application when he has not completed the entire inven- 
tion in the laboratory. He feels that there is something 
unethical about a patent application which is based en- 
tirely upon conclusions derived from a study of the litera- 
ture, possibly verified by a few ‘‘high-spot’’ laboratory 
experiments. Even though he is convinced of the ac- 
curacy of his conclusions, either from his general knowl- 
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edge of the subject or because he has verified them by 
“high-spot”’ experiments in the laboratory, he is still re- 
luctant to file his patent application. 

As a result he wastes precious time and money con- 
ducting the entire investigation in the laboratory, and 
finally ends by proving his original conclusions were 
correct. By that time it is frequently too late to ob- 
tain patent protection on the invention. Someone 
else has already filed a patent application on the inven- 
tion and the first inventor’s records are too incomplete 
to prove his earlier date. The other person gets the 
patent and the first inventor cannot even use the in- 
vention without his permission. 

This situation, which occurs much too frequently, is 
based upon a misconception of what a patent is. A 
patent is a reward for a contribution to the art. The 
contribution to the art justifies the patent, not the 
amount of labor which the inventor devoted to the in- 
vention. In fact, recent decisions of the courts seem to 
favor inventions which spring from meditation rather 
than arduous experiments. 

If a scientist can make a valuable invention while 
sitting in an easy chair meditating, he is just as much 
entitled to patent protection as though he had devoted 
a lifetime in the laboratory to the invention—and he 
will probably have a better patent, too. 

An exhaustive laboratory investigation is of tremen- 
dous value in developing an invention to the mth de- 
gree of commercial perfection. If the patent applica- 
tion is delayed until it is completed, however, the entire 
investigation may be jeopardized, since someone else 
may obtain patent protection on it in the meantime, 
and in any event it will be too late to protect it com- 
pletely. 

The moral of this discussion is, therefore, that the re- 
search program should be initiated by a thorough sur- 
vey of the technical literature. This survey will deter- 
mine how the program will be conducted and what it 
will probably accomplish. If the procedure is reason- 
ably clear from the literature survey a patent applica- 
tion will be filed forthwith, describing the results and 
how it is proposed to accomplish them. If there is 
some doubt as to the procedure a few “‘high-spot’’ 
laboratory experiments will be conducted to determine 
the correct procedure, and immediately upon their com- 
pletion a patent application will be filed on that proce- 
dure which appears to be correct. 

Thereafter the laboratory investigation may con- 
tinue until the invention has been developed to a com- 
mercially practicable stage. During the continuance 
of this investigation patent applications will be filed on 
such improvements as were overlooked in the original 
application. 

When the invention has finally reached the commer 
cial stage it is protected broadly by the first patent ap- 
plication, and it is protected in limited respects by the 
succeeding patent applications. The entire program is 
completed in less time and with less expense, and it is 
completely protected patentwise—all by maintaining a 
proper balance between library and laboratory research. 





Publications: Pitfalls and Problems 


M. G. MELLON 
Purdue University, Lafayette, Indiana 


HE LIBRARY, which means publications, has been 

aptly designated as the factual storehouse of avail- 
able information in chemistry and chemical technology. 
Efficient functioning of most chemists and chemical 
engineers depends very largely upon their ability to 
find and to use this information discovered and re- 
corded by others. 

Many papers and several books (3, 5, 8) have been 
written describing the resources of chemical libraries 
and their use. The writer has no intention now of add- 
ing to this material. The objective of the present 
paper is rather to summarize some ideas which are by- 
products of dealing for two decades with graduate stu- 
dents in chemical research and with a class in chemical 
literature. These items concern getting more certainly 
and more easily what we want from publications. Pri- 
marily, we shall limit ourselves to the problem of using 
these sources as they exist. Secondarily, we shall con- 
sider certain broad possibilities of improving the litera- 
ture. 


PITFALLS 


Because of certain characteristics of publications, 
inexperienced library searchers are liable to submit a 
report at least partially unreliable, even if they avoid 
becoming discouraged or confused. Such individuals 
do not evaluate the dependability of information, or 
they may even fail to find what there is. Frequently 
these results are caused by what may be termed pit- 
falls in the literature. Alertness to these concealed 
dangers is one mark of a competent searcher. To be 
alert one must know such pitfalls as those listed, and 
where they are found. 

Error. First of all, we must ever be on the alert for 
error. Personal experience has convinced the writer 
that the only safe practice is to be a disciple of Robert 
Boyle, as suggested by the title of his book, “The 
Skeptical Chemist.’’ Probably no volume of a chemical 
periodical or book has been issued free of errors. Some 
books contain a large number. Even if the general 
level of reliability equals the 99.44 per cent purity of 
the famous soap, one never knows when he is using the 
erroneous 0.56 per cent. It seems necessary, therefore, 
to warn searchers to think through and check every 
word, sentence, and paragraph as far as possible, and 
to scrutinize all numerical data, formulas, equations, 
original references, and spelling. The importance of 
this admonition has been emphasized recently by Egloff, 
et al. (4). Published corrections may be found, of 
course, in works such as “International Critical Tables” 
and in the last issue for the year of periodicals, but it is 
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very improbable that all slips have been so recorded, 

Such errors originate in various ways. Some au- 
thors are physically and/or mentally too lazy to get 
things correct in their manuscript; some obviously do 
not know right from wrong; and some are careless in 
taking the material through the printing stage. But 
even with the utmost care, an errorless book or periodi- 
cal probably remains an ideal. 

Inaccuracy. The errors just mentioned are often 
typographical, that is, of the letter or figure type. By 
inaccuracy is meant lack of preciseness in a statement. 
It does not convey the thought intended, or it unjustifi- 
ably limits something. The statement may be partly 
true, rather than general, or it may apply only under 
certain conditions. Two examples in analytical chem- 
istry will illustrate the point. 

By definition, a gravimetric method of measurement 
should mean a procedure in which the determination 
made is the mass of the desired constituent, or some- 
thing related directly to it—that is, matter is weighed. 
Obviously, there is no implication about any process of 
separation used to prepare the material for weighing. 
Yet some authors apparently think that the desired 
constituent must be separated by precipitation. A 
few prescribe the further limitation that this precipi- 
tate must be at least a binary, ionizing compound so 
that the ion product principle will apply. According 
to this final restriction, the implication is that metallic 
selenium, although separated by precipitation, cannot 
be measured gravimetrically. 

For the second example we may take the statement 
that all samples, prior to analysis, have to be dried, 
ground, and dissolved. Although ores and similar non- 
homogeneous, solid material usually do, it is evident 
from these directions that the authors never analyzed 
gas, milk, or their urine. 

Another inaccuracy is really a kind of inconsistency. 
Two examples may be cited. The words oxidimetry, 
reductimetry, and precipitimetry refer, respectively, to 
methods involving titrations with oxidants, reductants, 
and precipitants. Very curiously, acidimetry, as used 
by nearly everyone, refers to the determination of acids 
rather than to their use as titrants. Again, in referring 
to procedures of analysis, one may find as coordinate 
methods, density (a property), thermal (an adjective), 
interferometer (an instrument), colorimetric (an adjec- 
tive), gas (a state of matter), and steel (a kind of mate- 
rial). The first example is at least confusing; the 
second, although probably clear, is disturbing to one’s 
sense of consistency and esthetics. 

Obscurity. How often one reads a sentence or para- 
graph only to be uncertain just what the author meant. 
There is lack of clarity, with the result that the reader 
does not know what to do. A frequent variation is 
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ambiguity, leaving the reader with two or more alter- 
natives. Thus, if someone refers to the milliequivalent 
weight of phosphorus, one would hardly know the value 
to use. Even if orthophosphoric acid were specified, 
the reference might be to a reaction involving one, two, 
or three hydrogens, or possibly even to the substituted 
heteropoly compound. 

Since chemical literature abounds in similar ex- 
amples, writing a foolproof statement must be no in- 
significant accomplishment. Any analyst will agree 
with this conclusion if he has tried to write a laboratory 
procedure which cannot be misinterpreted by a begin- 
ning student. : 

Such lack of clarity may occur anywhere; but it is 
especially prevalent in the directions for procedures in 
analytical chemistry, for operations in physical chemis- 
try, and for preparations in inorganic and organic chem- 
istry. Egloff (4) encountered it frequently in the re- 
ports of experimental results. 

Subject Index Headings. In general, searchers use ex- 
tensively one or more of the following kinds of indexes: 
patent number, author, formula, and subject. The 
first two ordinarily present no pitfalls, except for an oc- 
casional question of names because of transliteration 
changes, as from Russian to English. Formula indexes 
should be clear if one keeps in mind the system em- 
ployed in the work consulted. This requirement may 
necessitate a working knowledge of at least the follow- 
ing systems: Hoffmann, Richter, Hill (Chemical Ab- 
stracts), ‘International Critical Tables,” and the 
French “Tables Annuelles....’’ Frequently beginners, 
in searching for known compounds, do not look under 
all possible entries for different numbers of each element 
in the compound. 

To the uninitiated the subject index is much more of 
a problem. Even the expert cannot guarantee no 
misses here. The pre-eminent pitfall of a subject index 
seems to center in lack of coordination between searcher 
and index builder. The former’s perennial puzzle is to 
think of the heading selected by the latter to make the 
index entry. As admirably pointed out by E. J. Crane 
(2), only perseverance, experience, wide chemical 
knowledge, and a kind of searching instinct will make 
one reasonably proficient in the art of thinking of the 
right entry. 

Hidden Facts and Abstracts. The over-all accom- 
plishment of the best abstracting journals, particularly 
the general periodicals Chemical Abstracts, British 
Chemical Abstracts, Chemisches Zentralblatt, and a num- 
ber of specialized periodicals, deserves the highest 
praise. However, critical searchers never forget that 
all such publications, although often they do provide 
desired facts, serve primarily as guides to the original 
literature. Details frequently are too involved and too 
extensive to summarize in an abstract. Especially is 
this criticism true with the description and claims in 
patents, although it is hardly less important in long 
operational procedures of analysis, measurement, or 
preparation. 

Since extensive collections of original publications are 
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not widely distributed, and since translations of much 
material in unfamiliar languages are expensive, many 
searchers must depend more or less upon abstracts. In 
such cases, as many abstracting journals as possible 
should be consulted. But if reliance must be placed 
on abstracts alone, there is always the uncertainty as to 
whether the abstractor did his work adequately. Even 
if he succeeds in presenting, in suitable perspective, 
what he deems the most significant contribution of the 
author, space limitations may well prevent mention of 
the particular item one desires. 

In the body of many publications appear these inci- 
dental statements of fact, such as properties, methods 
of analysis, and similar items. These hidden facts, al- 
though possibly very important in themselves to vari- 
ous individuals, are subordinate to the general material. 
As already stated, the abstractor may not mention 
them. Presumably the indexes of the abstracting 
journals cannot be expected to cover anything outside 
the subject matter of the abstract. Nor can much de- 
pendence be placed upon the subject indexes of the 
original publications to cover such details. At their 
worst, the latter indexes are largely word entries based 
on titles, and not infrequently these titles reveal chem- 
ists’ greatest ineptitude in writing. Thus, in an ar- 
ticle entitled “Chemical affinity,” one could not rea- 
sonably be expected to guess that there is described a 
potentiometric study of the electrochemical displace- 
ment of copper by lead, and the periodical index prob- 
ably would not mention this detail. 

Borderline publications present an important varia- 
tion in this kind of pitfall. Here arises the question 
of whether the item is chemical in nature. Even if it is 
not primarily chemical, there may be chemical aspects 
or applications. Spectrophotometers are a fine ex- 
ample in analytical chemistry. Until very recently 
they have been considered primarily an instrument of 
physicists. Consequently for years one could not de- 
pend on finding information on these instruments in 
chemical publications. Journals on physics have to be 
consulted. 


PROBLEMS 


Under this heading the writer proposes to discuss 
briefly several problems from the viewpoint of the possi- 
bility of making chemical publications, particularly the 
periodical literature and treatises, more useful and read- 
ily available sources of information. It may be taken 
for granted that improvement would result from any 
decrease in error, inaccuracy, obscurity, and hidden 
facts, and that better abstracts and indexes would help, 
to whatever extent they are better. The writer’s pres- 
ent interest is somewhat broader. 

Content and Make-up of Journals. Original source 
periodicals are assumed to publish new material. There 
is 10 assurance today, however, that such an assump- 
tion is justified. In analytical chemistry, for example, 
one has little idea whether a paper abstracted is really 
something new. There is entirely too much repetition, 
at least in part, of previously published work. It has 
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been stated that one is likely to see any given paper 
republished in essence each 30 years. If an author 
cannot, or will not, see that his material is new, we 
need more careful examination of manuscripts by re- 
viewers and editors. 

Rather disconcerting to the writer, at least, is the 
practice of various editors of putting ordinary reading 
matter and advertisements on the same page so that 
the bound volume has to include everything. Adver- 
tisements are often important as the latest technical 
announcements of manufacturers; but the material 
should be segregated, as in Industrial and Engineering 
Chemistry, so that the bound volume contains only 
what may be assumed to be of permanent value. As 
a matter of possible historical interest, a few libraries 
might bind the advertising separately. At present it 
is rare to find a library file of current manufacturers’ 
technical bulletins, which often are of much more value 
than mere advertisements. 

Separately paged issues of a periodical seem inex- 
cusable in these days of industrial efficiency. No ad- 
vantages are evident, and there are several disadvan- 
tages. Along with this point may be mentioned the 
practice is: some periodicals of issuing each year a num- 
ber of volumes, usually unpredictable. There seems 
no disadvantage in a single volume, continuously paged, 
even though it is large, such as the Journal of the Ameri- 
can Chemical Society. ‘The inclusive pages of separately 
bound parts should appear plainly on the outside. 

Some editors do not seem to be aware of the con- 


venience to the searcher of having the volume number 


appear as part of the running page heading. Likewise, 
many reprints are issued without a statement of the 
volume, page, and year of the periodical in which the 
material appeared. 

Editorial Conventions. It would seem possible, for 
the sake of consistency and mutual understanding, to 
reach some agreement, at least in this country, on biblio- 
graphical details to include in references to periodicals, 
government bulletins, patents, and books, and also on 
the general manner of arranging the references to the 
literature. The writer has previously directed atten- 
tion (6) to some examples of lack of such agreement. 
Recommendations for uniformity were made at that 
time. 

Certainly it should be easily possible to agree upon 
workable details for our own society publications. In 
fact, if we could agree upon the I. U. C. system of recom- 
mendations for nomenclature of organic compounds and 
for abbreviations of periodical names, and if we could 
leave the approval of atomic weights to an interna- 
tional committee, it would seem just as feasible to have 
I. U. C. bibliographical recommendations. 

Cooperative Publications. Some years ago (7) the 
writer commented on the time-lag of chemical litera- 
ture. Most original sources are issued with reasonable 
promptness. In the secondary sources, the abstracting 
journals are about as nearly up to date as possible. 
From this point on, however, one can hardly view with 
satisfaction our accomplishments in collecting, classify- 
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ing, and making available the tremendous accumula- 
tion of known facts, the total of which is increasing at an 
amazing annual rate. 

This problem is especially acute in the comprehen- 
sive tabular compilations and in the great treatises. 
Thus, the information in “International Critical 
Tables” is now nearly 20 years old, and Beilstein’s 
“Handbuch” is nearly all more than 20 years behind 
present knowledge. In the latter case, there is no 
other comprehensive treatise to which to turn. Only 
recently a ghost of 1916 arose in the proposal to prepare 
an English edition of the Beilstein set. Instead, why 
not pool our combined resources and efforts and try to 
bring the present set up to date? 

Here again the writer sees no insuperable obstacles 
to extensive international cooperation, through a re- 
juvenated I. U. C. office, to make our literature much 
more serviceable. Let us decrease duplication and 
competition and increase cooperation through unified 
effort. This could produce better abstracts and in- 
dexes, more critical monographs, and reasonably up-to- 
date treatises. 

One might even venture to suggest the merit of fewer 
and more critically written textbooks, produced on a 
cooperative basis. Few individuals have the perspec- 
tive and knowledge to write authoritatively on a broad 
field. 

Present Status Articles. With the continuous ac- 
cumulation of more and more facts, accompanied by 
the development of increasing specialization involving 
numerous new techniques and devices of experimenta- 
tion, there is an ever pressing need for competently 
written reviews to summarize this material in the form 
of articles or monographs defining the present status, or 
in some cases the historical development, of many dif- 
ferent subjects. The primary purpose should be to 
provide the nonspecialist with efficient and reliable sur- 
veys to enable him to secure a perspective of a given 
field. 

We do have the periodical Chemical Reviews devoted 
to this field, but the annual total number of articles is 
small. Although some appear also in periodicals such 
as the JOURNAL OF CHEMICAL EpucaTIon and Industrial 
and Engineering Chemistry, the coverage of subjects of 
possible interest is entirely inadequate, and apparently 
there is no unified, long-time program under way. 

The writer believes there is a real need here, and there 
is no doubt of the vastness of the stock pile awaiting 
study. In his own experience, judging by the number 
of requests for reprints, review articles are usually more 
popular than those of other types. 

That some persons, at least, appreciate the problem 
and the opportunity is evident from F. C. Bradford’s 
arresting presidential address, ‘‘Conserving our har- 
vests,” delivered recently (1) before the American 
Society of Horticultural Science. 

It seems appropriate, therefore, to suggest the ap- 
pointment of a divisional or society committee to report 
on the feasibility of establishing and systematizing a 
program of preparing and publishing reviews. This, or 
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some later group could serve as a clearing house to com- 
pile suitable subjects and allocate them to individuals 
interested and able to do the work. As an example, 
the writer would like to have someone summarize the 
information available on the analytical applications of 
complex ions. The problem of searching on such a sub- 
ject is difficult, but the contribution would be real. 

Such a project should appeal to many teachers in 
smaller colleges, or even occasional large high schools 
located within reach of adequate library facilities. 
These men often cannot keep mentally alert through re- 
search programs because of impossible requirements in 
expensive equipment. To those of them inclined to- 
ward library work, writing reviews should provide an 
outlet. Through lending and bibliofilm services much 
material could be obtained relatively cheaply. The 
guiding committee could arrange, if desired, for advice 
on compiling the information and on preparing it for 
publication. 

Not only instructors but senior and beginning gradu- 
ate students could contribute. Under competent 
guidance the work could serve for bachelor or master 
theses. Even a doctorate thesis should not be ruled 
out, for often a'well-done compilation is of more general 
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utility than highly specialized experimental theses. 
Such work should provide the student with experience 
both in compilation of the library material and in 
preparation of the manuscript for the report. Egloff 
(4) has stressed this need among current college gradu- 
ates, and he has outlined valuable advice on conducting 
the searching on an extensive project. 

Altogether, such a program seems a promising possi- 
bility to make more information available, and to help 
many chemists toward a literary contribution to chem- 
istry. Perhaps even more important would be the 
strengthening of the scholarship of all the individuals 
participating. 
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Abstracting and Indexing 


E. J. CRANE 
Chemical Abstracts, Columbus, Ohio 


ORDS, like test tubes!and table tops, balances 

and beakers, play an essential role in scientific re- 
search. Investigators use them as a means of coopera- 
tion, so essential to progress. Abstractors and index- 
ers use them to make thorough cooperation practicable. 
Words are numerous. Languages are numerous. Jour- 
nals are numerous. In order that the individual may 
not become swamped in the sea of words and languages 
and publications it is the endeavor of abstracting and 
indexing services to build useful records of scientific 
accomplishment by putting together in proper sequence 
the smallest effective number of exactly the right words. 
The users of abstracts want meat without parsley or 
other trimmings and the users of indexes are entitled to 
a complete book of meal tickets. 

The necessity for brevity greatly increases the prob- 
lem of making words serve for clear expression and ef- 
fective recording. The first requirement of a good ab- 
stractor is ability to express himself well. He must 
master the art of clear and concise statement. A good 
many scientists lack ability of this sort. 

Complications in the use of the right words are pre- 
sented not only by the frequent necessity of abstracting 
from foreign languages (Chemical Abstracts covers 
papers published in 31 different languages), but also by 
the complexities of chemical and other scientific no- 
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menclature. A good abstractor, or at least his editor 
must be well informed as to the technical terminology 
of his field of activity and such a knowledge is still more 
important to the scientific indexer. 

Chemistry has many branches and many applica- 
tions. Chemists specialize and become well informed 
in more or less restricted fields. Abstracting assign- 
ments are best distributed according to special inter- 
ests; Chemical Abstracts has such a general policy. 
This is not enough, however. Skill in abstracting must 
be acquired also. Authors who abstract their own 
papers do not always turn out good products. 

An abstract is that which comprises or concentrates 
in itself the essential qualities of a larger thing or of 
several things. The operation of concentration in ab- 
stracting should be carried as far as is consistent with 
clarity and the provision of information which is con- 
sidered essential. The purpose of an abstract or series 
of abstracts will, of course, influence the decision as to 
what is essential. For most purposes informational ab- 
stracts are better than descriptive abstracts. By this 
it is meant that abstracts which give the more impor- 
tant results and conclusions of a study are usually pref- 
erable to abstracts which merely tell what information 
can be obtained by reference to the original material. 
Often an informational abstract need be little longer 
than a descriptive abstract. ; 

In a good abstract all information not transcribed is 
completely and precisely described. Completeness re- 
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quires inclusion or specific reference to every measure- 
ment, observation, method, apparatus, suggestion, and 
theory which is presented in a paper as being new and 
of value in itself. For the chemist this means the re- 
porting of all new compounds and all elements, com- 
pounds, and other substances for which new data are 
given. 

Often an investigator finds it necessary to prepare a 
novel piece of apparatus or to work up or improve a 
method which may be of interest aside from the par- 
ticular investigation in hand. His description of the 
apparatus or of the method may be more or less buried 
in a paper principally about something else. It is a 
special duty of the abstractor and the indexer to see 
that such information is effectively recorded. 

Adequate precision is a factor in completeness. Ref- 
erence to data should be so specific and precise that 
there will be small chance that the user of the abstract 
will be misled into thinking that the paper contains 
the particular information he wants when it does not, or 
vice versa. 

If the general nature of the paper is not obvious, or if 
there is a formulated broader purpose of the author 
which cannot be inferred from the title or from the re- 
sults reported, the abstract should provide such infor- 
mation. 

The length of satisfactory abstracts varies widely. 
This length is by no means pivuportional to the lengths 
and degrees of importance of the papers being covered. 
Much depends on the nature of the material being ab- 
stracted. A single brief sentence may adequately re- 
port a very important investigation which required 
many pages of the original paper. On the other hand, 
a relatively unimportant paper reporting data on a large 
number of substances may require a long abstract for 
adequate reporting. 

Much that has been said about adequate abstracts 
could be clearly summarized for the experienced indexer 
by saying that abstracts should be complete from the 
indexing point of view. 

Brevity in abstracts is a virtue, but abstractors should 
be careful not to sacrifice clearness or to resort to de- 
scriptive statements alone for the sake of brevity. Sen- 
tences should be complete. A style which reads like 
notes jotted down or like the average telegram is likely 
to be unclear in spots and should be avoided. 

In the maintenance of an abstracting service it is well 
to establish a good many standardized practices as to 
such details as forms, abbreviations, spellings, and no- 
menclature. A certain amount of standardization as 
to the nature of the abstract, style, and references given 
is also desirable. Abstractors for Chemical Abstracts 
are guided by a 29-page booklet which contains 127 
rules or directions. A sample rule which illustrates the 
attention given to detail is Rule 91, which reads: 

“Tt is better not to begin sentences with wordlike symbols, 
such as A, Act, As, He, I and In, since they are apt to be read as 


words with resulting confusion. Avoid, e. g., ‘He was detd. . .,’ 
‘Asin 4 samples .. .,’ ‘Act like Pa...’ ‘I may be present.’ ”’ 


The first step in the maintenance of an abstract serv- 
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ice is, of course, the getting of the material to be ab- 
stracted. If times were normal, perhaps the methods 
of gaining access to papers to be abstracted would not 
be of general interest. An abstract journal encounters 
many*obstacles in its effort to provide complete world- 
wide coverage in wartime. An interesting, continuous 
struggle has made possible a near approach to current 
completeness by Chemical Abstracts. The whole story 
cannot be told now, but mention can be made of the 
fact that as the war has progressed Chemical Abstracts 
has improved in its coverage for this period instead of 
going down with the spread and intensification of war- 
fare. A good deal is still being published, and Chem1- 
cal Abstracts is getting a high percentage of it. The 
organization of a staff of abstractors overseas, the use 
of microfilm copying and of the clipper plane, the utili- 
zation, with credit, of abstracts published in neutral 
countries and some from countries far from neutral, and 
the obtaining by special means of a large number of 
journals or photocopies thereof are among the methods 
used. 


INDEXING 


There are, of course, various kinds of indexes, such as 
author, subject, and formula indexes. The discussion 
here will be restricted to subject indexes, though there 
are interesting problems in connection with other kinds. 

Subject indexing, like abstracting, is both a science 
and an art. Still more than abstracting, satisfactory 
indexing requires a pretty good general knowledge of 
the field into which the subject matter fits and in which 
it has significance. Furthermore, training and experi- 
ence are needed in indexing technique. Necessary 
general qualifications for an effective indexer are good 
taste, good judgment, and a habit of conciseness and 
of liberal and comprehensive thought. The best index- 
ers have a sort of instinctive indexing sense. A good 
memory helps greatly. 

The lack of good subject indexes is the greatest weak- 
ness in scientific and technical literature. A good sub- 
ject index is truly an index of subjects and not an index 
of words. Many existing indexes are of the latter type. 
They are little more than alphabeted lists of the prin- 
cipal nouns in the titles of the literature being indexed. 
Such indexes are hopeless, for the naturally unsystem- 
atic and unstandardized words used by a great variety 
of authors, or even oftentimes by an individual author, 
cannot be fitted together to serve as an effective key for 
a systematic search. Word indexing leads to scatter- 
ing, omissions, and unnecessary entries. 

A skilled subject indexer is master of the words which 
he must use. He knows the nomenclature of his field 
thoroughly and he thinks in terms of subjects. He 
takes precautions to be systematic in making entries 
in his subject index and to provide an ample supply of 
cross references (very important) in recognition of the 
difficulties confronting both the indexer and the index 
user because of the indefiniteness and multiplicity of 
words with like or similar meanings. 
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In deciding on subject entries to be made for an ab- 
stract or paper, many factors need to be taken into con- 
sideration. Among these are the author’s purpose, his 
point of view, the new data reported, new or modified 
methods and apparatus used in obtaining these daia, 
significant relations brought out, as between color and 
chemical constitution in a chemical study of dyes, 
theories formulated, new substances prepared, sug- 
gested or likely uses for new substances, possibilities for 
the utilization of material, as certain so-called waste 
material, desirable groupings based on properties, proc- 
esses or operations, and effects such as industrial poi- 
soning. 

An illustration of what is meant by point of view in 
indexing is provided by studies involving chemical re- 
actions. All of the substances involved in a chemical 
reaction may be significant subjects, as in a study of the 
mechanism of a certain equilibrium reaction. None 
of the substances per se may be significant subjects re- 
quiring entry, as in the use of a reaction for some pur- 
pose (an analytical purpose, for example) in which the 
reacting substances are really merely reagents of no 
general interest. Only the product of a chemical re- 
action may be the subject, as in a study of the manufac- 
ture of a chemical product from common starting mate- 
rials. The starting material may be an additional sig- 
nificant subject in an industrial reaction, if it is un- 
usual or there is involved a question of the utilization 
of some mineral or waste product. The starting mate- 
rial may be the only significant substance, as in a reac- 
tion for the elimination of a noxious by-product. 

Just as the length of abstracts properly varies widely, 
the number of subject index entries for abstracts and 
papers fittingly shows wide variation. Sometimes a 
single entry is adequate, but: in most cases several en- 
tries are required for an abstract or a paper and some- 
times a very large number of entries may be necessary, 
as when new information is supplied concerning a long 
list of enumerated substances. The number of entries 
required bears little relation to the importance of a 
paper or abstract. 

To safeguard completeness in subject indexing, con- 
sideration must be given to all of the factors above men- 
tioned as essential to a complete abstract. One of the 
biggest tasks in the building of a subject index for a 
chemical abstract journal is the systematic naming of 
chemical compounds for entry. In a normal year 
about 25,000 new compounds are reported and new 
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information is given for many known compounds. In- 
creasingly complex compounds are being studied. 

If time would permit, I could go on from here to dis- 
cuss safeguards for accuracy in subject indexing, the 
relation of completeness to purpose and point of view, 
the inadequacy of titles as the basis for indexing, the 
systematic writing of modifying phrases, the arrange- 
ment of entries, printing forms, the various types of 
cross references, the use of inverted cross references to 
safeguard consistency, the movement from general to 
specific subjects, and the relation of the purpose and 
field of the material being indexed to the kind of index 
suitably made. 

The subject index to an extensive abstract journal is 
of much importance. A good index is essential to the 
accomplishment of the purpose of an abstracting service, 
for even with carefully classified abstracts information 
becomes buried without such help. The building of the 
subject indexes to Chemical Abstracts requires a consid- 
erable portion of the time and effort of the editorial 
staff. Every entry is checked and double checked. 

In addition to the provision of abstracts and indexes 
there are certain supplementary services which an ab- 
stract journal can perform. Readers frequently need 
more detail than can be given in an abstract, and help 
in bridging the gap between abstracts and original 
papers is often sought. Chemical Abstracts endeavors 
to furnish adequate help of this sort. The main reli- 
ance is our List of Periodicals Abstracted with its key to 
library files. Modern developments in photoprinting 
and microfilm copying mean that, in normal times at 
least, any chemist anywhere can get almost any paper 
fairly quickly and at reasonable expense. Chemical 
Abstracts does not undertake to maintain a library serv- 
ice, but we do lend our rarer publications. There are 
special difficulties along this line during these war days 
and we are sometimes able to overcome them for read- 
ers. An abstract journal can also be of help in nomen- 
clature matters. Its indexes should reflect best usage. 

An abstracting service conducted as is Chemical Ab- 
stracts is a good example of cooperative effort. A few 
do much reading in order that many will need to do only 
a little reading to keep informed. I have a notion that 
the many just mentioned would like to join with me in 
paying tribute to the few. A generous spirit of altruis- 
tic service is continuously manifested in the help provided 
the editor in this work and he regards it as a privilege 
to be a part of the C. A. family. 


TAKE YOUR PICK 
“The people should be satisfied with the lowest standard of living. The craving for a 


life of ease must be abandoned.”’—Takenosuke Kiyamoto, Vice-Director of Japanese Na- 


tional Planning Board 


“In the world of modern technology, the possibilities of abundant production are so 
great that it is only a question of time until we can bring the blessing of freedom from want 
to everyone.’ Vice-President Henry A. Wallace 








Notes on Preparing a Manuscript for Publication 


JOHN SASSO 
Product Engineering, New York City 


HERE is a saying that difference of opinion makes 

horse races, but anyone even remotely concerned 
with the publishing business will admit that difference 
of opinion makes dogfights over manuscripts. Seri- 
ously, though, there are certain standardized proce- 
dures for preparing manuscripts—procedures that 
help make the job of book publication a lot easier. 

There are certain approved methods of preparing 
manuscripts, which if followed, simplify editing, type- 
setting, and proofreading; reduce the number of author’s 
corrections—an appreciable cost item (to the author); 
keep production costs down; speed publication; im- 
prove standards of the book. 

It is important to remember the steps that a manu- 
script passes through after acceptance for publication. 
These are: sample pages (for type style), galley proofs 
and illustration proofs (for correction), and page proofs 
(for final reading and indexing). Anything you can 
do to improve the original manuscript will help all 
along the line. 

Since the first requisite of any manuscript is legi- 
bility, it should be typed on one side of white paper, 
uniform in size, preferably 81/2 by 11 inches. The 
typed matter should be double spaced, and one-inch 
margins allowed on top, bottom, and right hand side. 
A wider margin at the left will permit easy binding. 
A carbon copy should be kept by the author. Sheets 
are usually numbered in the upper right hand corner. 
Interpolated pages should be numbered a, b, orc. If 
any pages are removed, the preceding pages should be 
double numbered, as ‘‘40 and 41” or “36-40.” Foot- 
notes should be put in the body of the manuscript im- 
mediately following the reference, separated from the 
text by double lines above and below. 

Drawings and photographs should not be inserted in 
the manuscript, because illustrations are sent to the en- 
graver at the same time that the manuscript is sent to 
the printer. If the drawings are on the same sheet as 
the text, it is necessary either to cut the drawings and 
text apart, or to have the printer and engraver work 
from the same sheet. Both practices are undesirable. 
The latter is especially bad, since the copy, if first sent 
to the printer, may become damaged and soiled, making 
it impossible for the engraver to produce satisfactory 
cuts. Small drawings can be pasted to separate sheets 
of paper. Unmounted photographs should not be 
pasted or mounted except by experts. It is a good plan 
to number each drawing and reference it as to location 
in the text. 

Illustrations are usually a highly important part of 
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any well-prepared technical book. They may be used 
to present a better visual picture than can be done with 
words, to further the concept of quantitative relation- 
ship (as through the employment of graphs), or to 
create an easier understanding of the relationships of 
various parts. 

All illustrations, whether photographs or line draw- 
ings, should be clear, clean cut, and to the point. The 
intended information should be designated easily and 
clearly, and any extraneous material should be elimi- 
nated. In photographic illustrations, particular atten- 
tion should be given to the background, which may 
show material in which the author is not particularly in- 
terested. It is advisable to provide sufficiently wide 
margins in all cases. In preparing a photo for repro- 
duction, the editor can always cut down or crop an il- 
lustration if it shows unnecessary extraneous matter, 
but he is not in a position to supply additional informa- 
tion which the author does not provide for him. Use a 
grease pencil to mark and reference photographs. Be 
careful not to spoil the glossy surface of the print. 

A good halftone reproduction can be obtained only 
from a good photoengraving, and this in turn can be 
made only if the original photograph is a good one. 
Glossy 8 X 10-inch photographic prints which are 
clear and sharp are by far the most suitable for publica- 
tion. The ‘soot and whitewash” type of contrasty 
print is undesirable. The photographic print should 
show all tonal ranges from clear white to black, with 
good gradation in varying shades of gray. Cuts from 
which printed reproductions are made employ a metal 
plate whose surface has been finely screened. Appre- 
ciable detail may be lost in the screening process. Con- . 
sequently, the printed reproduction will always show 
less detail than the photograph from which it is made. 

Do not use orange or green cross-section paper for 
preparing graphs for reproduction. The coordinates 
invariably show up and produce an undesirable cross- 
hatch backing. If the divisions in the graph are close, 
these lines run together and blot the drawiag, produc- 
ing a dirty and untidy appearance. Since blue does 
not photograph on emulsions used by photoengravers, 
blue graph paper can be used and the blue coordinates 
will be eliminated when the engravings are made. All 
important coordinates should be properly drawn with 
India ink. The coordinates should ‘be spaced at least 
1/, inch for an 8 X 10-inch graphical illustration. 
Most engineering graphs or curves are simply used to 
indicate a variation of functional relationships. They 
are seldom intended for the reader to obtain exact 
values from the curves. However, if this is the purpose, 


then the graphs should be as large as possible and should. 
be accurately drawn. 
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Captions should be complete and informative enough 
to stand on their own. The reader should not have to 
refer to the text in order to understand the photograph, 
drawing, or graph. Some readers object to figure ref- 
erences in the text, on the basis that it disturbs their 
train of thought, and they often must stop to look up 
the figure, then return to the text at the place they left— 
if they can find it! 

An author can do much to simplify the mathematical 
form and complexity with which his manuscript ap- 
pears. This is especially true if he deals with relatively 
simple fractions. In such cases it is highly desirable, 
from a typographical point of view, to write such equa- 
tions with the free use of parentheses, brackets, and 
fraction bars, rather than to use a long dividing line 
with numerator above and denominator below. This 
latter practice requires at least two or three lines of type 
and must be set by hand, whereas the recommended 
practice frequently makes it possible to set a relatively 
complicated equation of the fraction type on a type- 
setting machine. 

Typesetters are not mathematicians and the simpler 
the author can make the physical form of his mathe- 
matics, the more nearly certain he can be that his text 
will come through in the required manner on the proof. 

In modern textbooks and scientific volumes, there is 
a tendency to use clearly marked text subdivisions. 
Center headings, side headings, and subheadings serve 
this purpose. Weights of each head should be uniform 
throughout the text. The author should set a definite 
pattern. Text divisions should be of reasonable 
length. Teachers usually prefer divisions of approxi- 
mately equal size and not over a page in length. Foot- 
notes, in books that are designed for ease of reading, 
are often objectionable. One writer compares foot- 
notes to little dogs which run along barking to annoy 
the reader. 

Tables and illustrations, in addition to drawings and 
photographs, should be numbered consecutively for 
each chapter, using the decimal system. This permits 
easy revision. Tables should be appropriately cap- 
tioned and should be planned for printing vertically 
across the page. Equations and formulas, if they are 
at all numerous, should also be numbered consecutively 
for each chapter. Excerpts, problems, examples are 
generally set in smaller type than the body of the text. 

Most books give bibliographic references in the form 
of footnotes. Where these are numerous, it is better 
practice to arrange them alphabetically at the end of 
each chapter. Of course, the extent of bibliography 
varies with the subject and the author, but excessively 
long references are not usually justifiable. Bibliog- 
raphies should be confined to more or less easily acces- 
sible sources. 

Often the prospective reader uses the table of contents 
as a guide to determine whether the book will serve his 
purpose. Thus a good contents page is important. 
There are three ways of handling a contents page. 
First, it can be simply a list of chapter headings. That 
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is the easiest. Or it can be a list of chapter headings 
with all subheadings in each chapter listed beneath. 
This makes a long involved page which might duplicate 
the index to a great extent. The method most pre- 
ferred is to use chapter headings followed by certain 
important subheads arranged in paragraph form. This 
type of contents page gives the reader a quick compre- 
hensive picture of the subjects covered in the book. I 
know of one very recent instance where an author 
couldn’t make up his mind about the contents page. 
He put in ¢wo, one of each type! Then he needed a 
third page to explain which contents page should be 
used. 

Obviously, any good technical work must have a 
complete subject index. This is of utmost importance 
if the book is to be of any use to the student or re- 
searcher. The aim of a good index should be work- 
ability. It should not be overloaded. Generally, if 
the author, instead of a professional indexer, does the 
indexing, overloading will be avoided, as the author 
will know the important points in his subject. An im- 
portant rule to remember in indexing is ‘‘use concise 
qualifications of main titles to reduce to a minimum the 
number of page references opposite each heading.” 
Indexes can be prepared by the use of 3 X 5-inch cards, 
arranged alphabetically, or by use of an alphabetically 
indexed loose leaf binder. On these pages or cards, the 
author can make all necessary markings for the printer, 
such as indents and the like. The trend today is to 
combine index and glossary, setting the page number 
that refers to the definition in bold type. 

You will earn the gratitude of the reader and the 
publisher if you follow one of the recognized standard 
dictionaries consistently throughout the text for spelling 
and abbreviations. For technical terms and abbrevia- 
tions, many professional societies have set up standards. 
Some societies have prepared style sheets. American 
Standards Association has prepared such a sheet. 
Consistency in spelling and hyphenating is important. 
It often pays to reread the text before submiission, to 
ferret out misspellings, involved sentence constructions, 
and excess words. 

A manuscript which has been accepted for publication 
is marked for style and size of type, and is then set in 
type by the printer. The type is held in troughs or 
trays, called galleys, about 20 inches long. ‘“‘Galley 
proofs” are printed and returned for checking against 
the original manuscript. No new material should be 
added, nor should extensive changes be made in these 
proofs. Such changes are always expensive and waste- 
ful and should be avoided, particularly in technical 
books. 

The purpose of a technical book is to disseminate 
helpful and valuable information, and to contribute to 
the advancement of scientific progress in a particular 
field. A well-prepared and well-edited manuscript 
will make a more effective and useful book. Successful 
publishing can be achieved only when both author and 
publisher work together toward that end. 








Keeping up with Technical Books 


EDITH PORTMAN 
Mellon Institute, Pittsburgh, Pennsylvania 


HE PERIODICAL literature is adequately covered 

by Chemical Abstracts and similar journals. In 
practically every field of professional interest, one or 
more periodicals devote a section to current abstracts, 
and the specialist considers it of utmost importance to 
consult these sources regularly. Often he need search 
no further. 

An original source of information and one that indi- 
cates trends in new developments is the patent litera- 
ture. It has been asserted that the keen observer of 
foreign patents can predict new products and processes 
with a fair degree of accuracy several years in advance 
of any other published descriptions. If possible, the 
searcher does not restrict himself to United States 
patents, because normally French patents are issued 
much more promptly, and both German and British 
patents are laid out for public inspection before they 
are issued, thereby revealing the new invention alike to 
associates and competitors. 

Another source of original material constantly used 
by chemists is the trade literature issued by manufac- 
turers. Here are found many reliable data, detailed de- 
scriptions of processes and products, and illustrations of 
special equipment not published elsewhere. 

There are many guides to the important contributions 
of the past, and standard texts on any particular subject 
are well known. It is with the difficulty of securing ac- 
curate up-to-date information about new books that 
both the chemist and the librarian are vitally concerned, 
whether the object is the purchase of the book or merely 
its use for reference or reading. 

When we are fortunate in having access to the new 
publications in a good technical library, the problem is 
simplified; or, if we learn of the forthcoming book 
through a personal recommendation or otherwise, we 
may procure it from the publisher for free examination. 

But often, with the book at hand, the librarian, and 
at times even the specialist, cannot form a fair opinion 
of its worth without careful study. There are, fortu- 
nately, some clues, some evidences of care or carelessness 
in preparation by which we may be guided. A preface 
that states the purpose of the author and the scope of 
the work; a table of contents that indicates logical and 
thorough treatment; and, perhaps most indicative of 
all, a good index and accurate bibliographic references— 
these are sure signs of careful and scholarly preparation. 
Other indications of good workmanship which should 
not be overlooked are format, illustrations, and arrange- 
ment of subject matter. 

Usually authorities in a specialized field are well 
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known and a fair estimate of the value of the work may 
be formed from a knowledge of the author and the pub- 
lisher, and from discussions with others. Quite often 
personal acquaintance with a writer has more weight 
than any amount of sales talk. 

To make a leisurely examination of a book is without 
doubt the most satisfactory procedure, though the ma- 
jority of us must rely on other sources, such as an- 
nouncements, advertisements, and reviews. Publish- 
ers are glad to send their announcements and advertise- 
ments freely and frequently to anyone who wishes to 
be placed on mailing lists for special classes of publica- 
tions. But in considering for purchase have a care. 
Many are the pitfalls for the unwary, and it has been 
my observation that chemists have low sales resistance. 
Naturally, advertisements have but one purpose—to 
sell the product. Their glowing descriptions frequently 
overrate the book and fail to give such important facts 
as number of the edition, latest copyright date, and 
number of pages. Where a table of contents is given, 
it is often too general and fails to describe the work 
fully, or it may even impart an erroneous impression. 

Librarians have long urged publishers to furnish 
clear, concise statements about their books and to give 
dates of both the original and the revised editions. 
There can be no objection to sales efforts provided they 
are honest publicity. Librarians welcome recent inno- 
vations of certain publishers who include the date of 
every title in their catalogs. 

It would be helpful to everyone concerned if new 
books were announced separately from those that are 
more than several months old. Recently we received 
an advertisement of a new edition of an important 
work. To be sure, no date was given for the original 
or for the new printing, but it did state that the new 
edition was a thorough revision and entirely rewritten. 
On the reverse of the leaflet was a description of an- 
other book that was said to present accurate informa- 
tion and to cover a range of material never before in- 
cluded in one compact volume. Who would be without 
such treasure-trove? Yet upon investigation it was 
found that ‘‘never before’’ was really never before 1937 
—some little lapse of time in these changing days of 
technical progress. 

Then, too, it is well known that publicity covers only 
a portion of the books published.. The submerged 
minority may contain a wealth of knowledge which 
would reward the persevering seeker. There is no easy 
method of discovering these riches, but there are some 
handy tools. One of these—the Publishers’ Weekly— 
brings together the publishers’ announcements for the 
benefit of the book trade. Books printed each week 


are listed alphabetically by authors, with bibliographic 
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details and occasional brief annotations. In addition, 
twice a year it issues a book promotion number devoted 
to forthcoming books. 

Mr. Martin Matheson has suggested that the Ameri- 
can Chemical Society might, through Chemical and En- 
gineering News, profitably publish a quarterly list of 
technical books to be issued during the ensuing 90 days. 
Since only books in chemistry and chemical technology 
would be involved, it would seem a simple matter for an 
assistant editor to write periodically to the publishers 
asking for titles, authors, tentative publication dates, 
and probable prices of all new books to be published 
during the prescribed period. No doubt the publishers 
would welcome the opportunity to cooperate, and cer- 
tainly the profession would benefit enormously. 

Many journals such as Science, Chemical and Metal- 
lurgical Engineering, and Nature report books recently 
received. The Current List of Medical Literature in- 
cludes a selection from approximately 200 books added 
to the Army Medical Library each month, and there are 
other worth-while announcement lists. 

The notes on new books at the end of each section in 
Chemical Abstracts are particularly helpful because they 
include foreign titles. Librarians also find useful the 
entries in Industrial Arts Index, the ASLIB Book 
List, and the Engineering Index. One of the best 
sources of information on recent titles is New Technical 
Books, a quarterly bulletin of the New York Public 
Library. It not only reports new technical books in 
each class, but also includes brief descriptive notes. 

Publications of government agencies are easily over- 
looked. Though announcements appear in some tech- 
nical journals, for the most part we must rely on the 
semimonthly List of Selected United States Government 
Publications. This list, arranged by subject with an- 
notations and prices, may be obtained free upon ap- 
plication. A subscription price of $2.00 a year is re- 
quired for the more complete United States Government 
Publications Monthly Catalog, which includes processed 
publications but omits press releases and administra- 
tive, regional, and confidential publications. Monthly 
lists of the publications of the Bureau of Mines, the 
Geological Survey, and the Department of Agriculture 
are available upon request to the issuing offices. 

Several years ago Mr. D. G. Legerman,’ of the Rein- 
hold Publishing Corporation, conducted a survey to de- 
termine what factors influence the librarian’s purchase 
of scientific and technical books. A total of 652 ques- 
tionnaires was sent to various types of libraries, includ- 
ing special libraries of research laboratories, government 
departments, and industrial organizations. The 446 
replies indicated that librarians depend largely upon the 
reviews in scientific periodicals. Second place was 
given to publishers’ announcements and advertise- 
ments. The results of a similar survey of 42 libraries 
in the Pittsburgh district, made by the Pittsburgh 
Chapter of the Special Libraries Association, gave cor- 
responding results. It would seem then that librarians 
still consider reviews the “‘best single source of informa- 

2 Publishers’ Weekly, July 27, 1940, pp. 238-40. 
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tion”’ for book selection, in spite of the lapse of time be- 
tween the appearance of the book and the most depend- 
able reviews. 

Quite recently the Institute of Radio Engineers in- 
augurated a policy of publishing book previews pre- 
pared from page proof, thereby securing in each in- 
stance publication of the review by the time the book is 
available for sale. The early receipt of the page proof 
from the publishers and the availability of high-grade 
speedy reviewers are important considerations, but the 
editors feel that they are making satisfactory progress 
in mastering these difficulties. 

In addition to timeliness, what may the seeker for 
the best in technical literature require of a good book 
review? Certainly the first requisite would be full 
bibliographic details: exact title of the book; author; 
publisher; place; date; pagination; and price. To 
“strike the keynote of the book,” stating the purpose 
and planned scope of the work and how well it has been 
fulfilled, to give the experience and training of the 
author, the type of reader for whom he has written, 
definite information on the content of the work rather 
than a tabulation of contents, to evaluate the book, 
giving a fair estimate of its worth in comparison with 
similar texts and earlier editions—all these are desirable. 

With reviews as with books, the time spent in careful 
preparation adds to their value and, in consequence, the 
more thoughtful and critical reviews are often late in 
appearing. In general, reviews in scientific periodicals 
are considered better than the reviews in trade journals, 
which are often inclined to be too generous. We are all 
familiar with the excellent signed reviews in the publi- 
cations of the American Chemical Society, where re- 
viewers are selected because of their knowledge of the 
subjects treated and are given precise instructions. 

As reviews are published in many scattered maga- 
zines it is not always easy to find the ones of particular 
interest. The object of the Review Index, a quarterly 
guide for college and reference librarians, is to serve as a 
key to reviews in leading journals. It merely refers to 
the reviews and does not give opinions nor information 
from them. As only a small number of the periodicals 
it indexes are devoted to pure and applied science, its 
usefulness to the scientist is limited. 

The Zechnical Book Review Index, on the contrary, 
actually quotes at considerable length from the reviews 
themselves. It covers approximately 800 scientific 
and technical journals and assembles, in condensed 
form, information from the best reviews of the previous 
month. Sponsored by the Special Libraries Associa- 
tion, it is published monthly, except in July and Au- 
gust, under the able supervision of Mr. E. H. McClel- 
land, Technology Librarian of the Carnegie Library of 
Pittsburgh. Mr. McClelland, by the way, was re- 
sponsible for the original Technical Book Review Index 
(1917-28) of which the present index is a direct de- 
scendant. Though not intended as a guide to all tech- 
nical books—its purpose being evaluation and apprai- 
sal—still it often does give the reader his first acquaint- 
ance with many new books. In fact, it constitutes 
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the most serviceable source of information for the evalu- 
ation of recent technical books. It is for groups distant 
from large libraries that this service has proved most 
valuable. More than 200 Army Air Field Libraries 
are among its subscribers, as well as a number of organi- 
zations in foreign countries. We librarians believe 
that the index is a unique and important aid in the 
quest for the new method, the better way, as presented 
in technical literature. 





JOURNAL OF CHEMICAL EDUCATION 


The continued effort to keep abreast of the steady 
flow of new books is indeed a time-absorbing undertak- 
ing. As the Queen said to Alice in ‘Alice Through the 
Looking-Glass,”’ ‘“Now, here you see, it takes all the 
running you can do to keep in the same place. If you 
want to get somewhere else, you must run twice as fast 
as that!’ To make progress it would seem that we too 
must follow the Red Queen’s advice. 


Operating a Technical Library 
under a Library Committee’ 


CAROLINE W. FOOTE 


Central Experiment Station, Bureau of Mines, Pittsburgh, Pennsylvania 


E CANNOT sew with just a needle or just a 

thread. Both are necessary, and I believe that 
the reason for lack of success of some libraries may be 
due to overlooking this basic principle. Where the 
library serves the various sections of such an organiza- 
tion as an industrial or research laboratory, a simple 
and effective mode of operation is through a library 
committee, composed of chiefs of the component sec- 
tions or their appointed representatives. 

Before saying more about such a setup, I should like 
to present some of the advantages that might be ex- 
pected to result. Where management is in the hands 
of a committee it is reasonable to suppose that there 
should be some benefit derived by the organization it- 
self. I will mention but one, and that regarding divi- 
sion of the book budget. Granted that there is a 
stated allotment, the question is, how is it to be spent 
to the best advantage? It would be expected that 
members of the various sections are going to look out 
for their own interests and fairness would result, and 
that is precisely how it has worked out at the Bureau 
of Mines Library at the Central Experiment Station in 
Pittsburgh. It cannot be done evenly, as some sections 
need more than others and some subjects have a more 
voluminous literature from which to make selections. 
Chemical literature, as you know, is more extensive 
than engineering, and this fact makes it necessary for 
the chemists in the organization to limit their chemical 
works purchased to those most needed. This is done 
in friendly manner at the conference table and, with 
nice discrimination made in selections, the organization 
gets its money’s worth. 

Second, as to the section chiefs themselves, it would 
seem that serving on such a board makes for a pro- 
prietary interest in the library. I suppose it is, in a 
small way, akin to being appointed to a board of direc- 
tors of a corporation. There is distinction here which 

1 Presented before the Division of Chemical Education of the 


American Chemical Society, 106th meeting, Pittsburgh, Penn- 
sylvania, September 7, 1943. 


2 Published by permission of the Director, Bureau of Mines, 
U. S. Department of the Interior. 


makes one feel that his opinions are sought—a good 
morale builder for any organization. Also it might be 
said that by gathering periodically around a table with 
the representatives of other sections, a surprising 
amount of information is picked up in the discussion of 
new books. It isan easy way to learn about the publi- 
cations recommended by others in the organization. 
It also indicates to these men what the other men want 
to further their work or extend their horizon. Someone 
in his own section has possibly asked for the purchase 
of material which gives the chief information about the 
abilities of a subordinate. Here, then, is a way to learn 
about books wanted and about the persons wanting 
them at one and the same time, and it affords any mem- 
ber of the committee the advantage of learning what 
books other sections desire. 

Now, the conversation at the meeting might be some- 
thing like this: “‘Mr. Jones would like the library to 
buy a copy of a new book by Rosenberg entitled ‘Chem- 
istry and Physiology of the Vitamins.’” ‘Just what 
would we need with a book on vitamins in a coal experi- 
ment station?’ is the quite natural query, “We are cer- 
tainly branching out fast!” “Well,” is the reply, “this 
is no ordinary book. It is the work of Dr. H. R. Rosen- 
berg of the du Pont laboratories and is absolutely the 
last word in reliability; now that many of the vitamins 
have been synthesized and the raw materials for the 
synthesis are known, it is quite possible that we may be 
able to isolate some of the starting materials from coal. 
No one knows what is going to turn up.”’ You see how 
it works. It acquaints the members of the committee 
with the new developments of the company or labora- 
tory, with the alertness of a new man in the organization 
and with the existence of this new and noteworthy pub- 
lication. 

The discussion might continue as follows: ‘But what 
about the work by John Doe on that subject? Wouldn't 
that answer the purpose well enough?” Here comes the 
role the librarian should play. If she is on the job, she 
will know that the book mentioned is out of date or 
that it is written from another point of view. She can 
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do this with a little preliminary preparation, by having 
at hand similar works already in the library or by citing 
reviews, augmented, no doubt, by particular informa- 
tion contributed by the specialists on the committee who 
are attending the meeting. Thus all the members are 
kept more familiar with library resources than any in- 
dividual could be by independent effort. But this is 
not all, it lets the section chiefs size up the capabilities 
of the librarian, which spurs her to greater effort. 

Third, advantages might accrue, not only to the or- 
ganization and to the section chiefs or their representa- 
tives who are members of the committee, but to the 
rank-and-file users as well. It promotes a feeling of 
fair play when an employee feels that his recommenda- 
tions for purchases of books are given a hearing before 
an unbiased, representative group, and it fosters a feel- 
ing of good will merely to know that the organization 
gives so much emphasis to maintenance of the library. 

Fourth, there are definite advantages to the librarian 
in having a library committee rather than a single ex- 
ecutive as the managing force. It gives continuity to 
the job, because a body of basic policy is built up even 
though chairmen are changed from time to time. 
Then, if the librarian’s accountability to management 
were vested in a single person, it might be limited by 
the abilities of that particular executive as far as knowl- 
edge of library matters is concerned. Granted that 
these abilities, as is often the case, were outstanding, 
the managing person would be none the less helpful to 
the library because other members served on the com- 
mittee. If the chairman’s abilities in such matters 
were not considerable, the librarian has great advan- 
tage through contacts with other members of the com- 
mittee. She learns the interests of the executives and 
obtains it in concentrated doses at the meetings rather 
than by making interruptions upon their time at mo- 
ments inconvenient to them. 

Again, by having a committee to work with, the libra- 
rian is freed from undue criticism as to partiality in re- 
gard to purchases and matters of policy. Responsi- 
bility is where it belongs—in the representatives of 
those groups for whom the money of the library is 
spent. Thus, the librarian’s energies are reserved for 
gathering information regarding sources of material 
desired, for looking up specific information, making 
bibliographies, doing reference work, cataloging, classi- 
fying, abstracting, or giving service of whatever type 
is desired. These are the real functions for which she 
should be well qualified and to which she should devote 
her main energy. 

So much for the advantages. No doubt there are dis- 
advantages. The main one you will raise, probably, 
will be that executives are far too busy for such things. 
In answer I would say that if the library is not designed 
to save the time of the organization as a whole, it has no 
reason for existing. It is to save time by having in a 
central place sources of information arranged in orderly 
and systematic fashion that the library lives and has its 
being. To the extent that it is imperfectly executed, 
it is a waste of money. Only through change and ad- 
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justment does it become worth while—a tool to be used 
and relied on. Whether it is large or small makes but 
little difference, but it should operate reliably and to do 
so requires a little of the best thought and guidance of 
certain top executives. If they work together on a 
committee it is not burdensome to any one of them. 
Furthermore, any who are bookishly inclined may ex- 
press themselves through this medium, and scattered 
talent may be utilized. 

Of course, the way should be made easy by the librar- 
ian, as I shall try to show now in speaking of the op- 
eration and duties of the library committee. Members 
of the committee should be selected by the highest ex- 
ecutive of the organization and should consist of heads 
of various departments represented by the library’s 
service or their appointed representatives; they might 
elect their own chairman, in whose name all transactions 
should be carried on, or the chairman might be named 
by the top executive. Moreover, a secretary, possibly 
the librarian, should be selected. Meetings should be 
called to order by the chairman, and the reading of the 
minutes of the last meeting should be called for to give 
opportunity for refreshing the minds of the members 
with what was last accomplished. The role of the librar- 
ian at the meetings is that of assisting the chairman, at 
whose call the meetings are held. 

It is of prime importance that a concise memorandum 
of things to be done should be prepared by the librarian 
and sent out to each member before the meeting. 

The success of the meeting depends greatly on the 
plans that have been made by the librarian. If they 
have been worked out in detail, the meeting is apt to be 
successful, for it can proceed with dispatch; business 
can be transacted in a forthright manner and the meet- 
ing adjourned. 

At the Bureau of Mines library in Pittsburgh, we 
have met formally 48 times in 14 years. I am not as- 
suming that our library is outstanding. In fact, I feel 
quite humble about it, as it has fallen short of many 
things I have hoped for, in spite of the fact that I have 
always had splendid committees. Nevertheless, I am 
convinced that our committee procedure is a good one 
and that its basic principles are worth consideration by 
other types of organizations. Its operation is flexible; 
for example, we have two subcommittees, one to assist 
the librarian on the disposition of old and superseded 
publications, and the other on microfilms. These sub- 
committees function informally at the call of the 
librarian, the one to decide on matters of policy and 
specifically at times to decide what shall be done with 
particular publications, and the other to work out 
methods of handling and storing microfilms. They con- 
sist of two and four members, respectively, and are very 
helpful to the librarian. 

What I wish to leave with you is the thought that the 
combined suggestions of a library committee such as I 
have described are of inestimable value to a librarian 
trying to give an organization the service it requires. 
This combination of committee and librarian seems to 
make an ideal arrangement when they work together. 








“Slips That Pass in the Night”; 
A Plea for Accuracy in Printed Material’ 


E. H. McCLELLAND 
Carnegie Library, Pittsburgh, Pennsylvania 


HIS TITLE was not my own selection. It was 

assigned to me, and perhaps with no very happy 
augury. Asa caption for a collection of errors in print, 
the main title was adopted by the Literary Digest, which 
folded up a few years later. The subtitle is a ticklish 
one. Writing about writing is a hazardous business 
anyway, and anything which purports to deal with ac- 
curacy will be read by many people merely for the sure 
reward of finding zmaccuracies. Unfortunately these 
readers will, to a large extent, be the very people who 
don’t need to read it because they now use impeccable 
English. 

This paper is primarily an attempt to show that the 
difficulty with scientific literature exists, not so much in 
the scientific terms and ideas themselves as in the in- 
ability (or, at least, the failure) to write clear, under- 
standable English. Less than a year ago I presented 
the same idea in a paper on ‘ Abstracts and annota- 
tions” (Special Libraries, September, 1943). That 
paper pointed out a few of the conspicuous causes of un- 
intelligible English and gave some examples. The 
present paper uses almost entirely examples observed 
within a few recent weeks since the paper was re- 
quested. Not all are just recently printed, for the daily 
work of a librarian is concerned with both old and new 
material. 

Throughout the paper I have italicized parts of quo- 
tations to obviate lengthy comment, though some of 
my own comments appear in square brackets. Many 
examples are given without comment, following the 
commendable policy of Eddie Cantor—‘‘Just tell ’em. 
Don’t explain ’em.”’ No attempt has been made to 
identify quotations precisely; no useful purpose would 
be served thereby, as exactly the same kind of material 
will appear in print next week and the week after that. 
An exception has been made in the case of the excellent 
annotated bibliography at the end of the paper. In- 
telligent use of the material listed there would have 
prevented many of the errors and ambiguities cited 
here. 

These errors would seem to be easily preventable be- 
cause they arise mainly from carelessness in writing and 
carelessness in reading what has been written, before it 
gets as far as the printed page. There is no equally 
simple remedy for errors arising from ignorance, be- 
cause people write, and will continue to write, about 
things they do not understand. This, of course, leads 

1 Presented before the Division of Chemical Education of the 


American Chemical Society, 106th meeting, Pittsburgh, Penn- 
sylvania. September 7, 1943. 


to unfortunate results as evidenced in the following 
quotations. ‘Geometry teaches how to bisex angels.” 
“Horsepower is the distance one horse can carry one 
pound of water in one hour.” “If the air contains 
more than 100 per cent of carbolic acid it is very in- 
jurious to health.” 

After an error gets into print, it makes little difference 
to the reader whether it was the result of ignorance or 
of carelessness. 

Accurate writing must be done carefully and hence 
it is seldom done hastily. Less than a year ago a 
branch of the federal government made the amazing 
discovery that there were almost no elementary techni- 
cal books satisfactory for proposed courses. (Of the 
very few books found acceptable one was by an author 
who, in another book which gives evidence of hasty 
work, offers ¥/ as the symbol for square root!) Within 
a few weeks, at least 13 little books on elementary 
electricity were published. 

In another field, a little book in discussing the high 
compression in the Diesel engine speaks of the ‘‘red 
hot” air, and on the same page says that the Diesel 
engine must be made of “heavier materials” than the 
gas engine. The author, of course, knows better, but 
the unsuspecting student is likely to think of an engine 
of lead or gold. 

American Forests, June, 1935, has an article on the 
question ‘‘Do eagles steal children?” in which it repro- 
duces a news item regarding ‘“‘a massive golden eagle 
with a wing spread of 35 inches.” [Probably it has 
only one wing.] The June, 1935, issue of Matches dis- 
cusses the “Lincoln Room’’ at the old Monongahela 
Hotel. Abraham Lincoln saw ‘‘the iron and steel mills 
pouring fountains of gushing gold into the night sky 
for miles along the reflecting rivers. .... _ Now, the mills 
are electrified. Pittsburgh can no longer show visitors 
the scene so famous as ‘Hell with the lid off.’”’ [Sounds 
as if even the Bessemers have been ‘‘electrified.’’] 
“Hemlock bark, waste material of the pulp industry, is 
found to be rich in tannin’”’ (Science News Letter, August 
31, 1935). [Yes, that’s probably why a cubic mile or 
so of the bark was used in Pennsylvania tanneries a few 
generations ago.] Steel in the issue of June 24, 1935, 
has an item on the use of rustless steel shovels for 
handling salt in curing of sealskins. It says the skins 
“are cured in salt by laying the skin down and shoveling 
about an inch of salt on top of it, then laying another 
skin and another layer of salt. Sometimes skins are 
piled as high as 700 feet and it is in this operation the 
stainless steel shovels are used... .’’ [Probably the 
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greatest damage to the shovel is in dropping it from the 
top of the pile at quitting time. ] 

The questions and references which reach a library 
are not always in print and frequently, coming second- 
hand, they involve a factor of interpretation because of 
omission, expansion, and transposition by the inquirer. 
Very recently a member of our staff was asked for a 
paper by ‘‘Knowlton” in Science News. He found it 
(not by ‘‘Knowlton”’) in Knowledge and Scientific News. 
I recall one reference which was merely ““TYSE 1B 
425.’ It turned out to be part of a telegram in which 
TYSE was the author’s name (misspelled) and 1B was 
our old friend 7bid. Many years ago we had a second- 
hand inquiry about the relation of the anteater to chem- 
istry. If the anteater keeps his mind on his work he 
might pick up a little formic acid, but we found nothing 
and asked if any more light could be thrown on the 
matter by the original inquirer. We found that he had 
asked for interpretation of the phrase “from the aard- 
vark to zymurgy”’ which answers itself—A to Z, Alpha 
to Omega. 

This paper, however, is concerned with what gets 
into print and what is wrong with some of it, and my 
observations are in no way unique. The late President 
Eliot of Harvard University is credited with saying, ‘‘I 
recognize but one mental acquistion as an essential 
part of the education of a lady or a gentleman—namely, 
an accurate and refined use of the mother tongue.” 

In The Journal of Accountancy of August, 1943, I 
find the following statement: ‘‘Readers who have 
traveled throughout the United States must have been 
impressed by the universality of the misuse of English. 
It is my pride to have traveled in every state of the 
Union, and everywhere I have discovered to my sorrow 
that every American seems to have been impelled to 
use words aside from their literal meanings.”’ 

A few weeks ago a reviewer of books for the New 
York Herald Tribune said, ‘“The mere abuse of language 
by scientists is enough to make one’s hair curl” (Weekly 
Book Review, July 4, 1943, p. 11). 

Scientific literature is probably no worse than any 
other kind, but it should be better than it is. It is 
an amazing phenomenon that the scientist who, as a 
matter of course, conducts his laboratory research with 
the greatest refinement and highest précision of which 
science is capable, is so often willing to dash into print 
without making sure that his statements are clearly ex- 
pressed. Surely the scientist, of all people, is under 
obligation to write, not only so that he may be under- 
stood, but so that he cannot be misunderstood. 

If a man habitually speaks and writes in slovenly 
fashion, it is too much to expect that he will spontane- 
ously evolve a clear and felicitous style at the moment 
when he has occasion to report his scientific achieve- 
ments. Furthermore, if a man experiences no resent- 
ment or disturbance when he reads distorted and am- 
biguous English, he is just the fellow who, in his turn, 
will produce more of the same kind. 

One who reads widely or listens a lot might well 
wonder whether the American people are fit to be 
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trusted with the English language, or at least might re- 
call the old story of the dealer showing a horse which, 
on leaving the stable, bumped the doorway, ran against 
a wagon, caromed off a post, and so on, until the pros- 
pective purchaser said, ‘“Why, that horse is blind,’ 
and the dealer said, ‘‘No, no mister, he ain’t blind; 
it’s the kind of horse he is, he just don’t give a damn.” 
So many writers and readers can’t be blind, and the 
conclusion must be that they just don’t give a damn. 

Certain surveys show that the literature (?) most 
widely read by the American people is the alleged 
“comic” or ‘“‘funny’’ page of the newspaper. Then 
come the magazines, and many of those of widest cir- 
culation are, unfortunately, only very slightly con- 
cerned with accuracy or clarity in English. I was a 
reader of 7ime beginning with volume 1, number 1, 
away back in 1923, and I welcomed the new journal as 
something that would save a lot of time for me, but I 
found that I was wrong. Eventually, or approxi- 
mately thereabouts, pained in the cervical vertebrae 
was I by the wearisome sesquipedalian circumlocution 
which obscures rather than reveals the thought. In 
words of one syllable, not much time is saved when you 
have to read a thing twice to find out what it means. 

A typographical error can frequently be so inter- 
preted that the meaning is apparent, as with ‘‘guage’’ 
in some of the Remington Arms Company’s advertise- 
ments, and with the words italicized in the following 
quotation from a published abstract of a technical ar- 
ticle. ‘“The author recognizes the necessary of motor 
truck regulation.... The author summaries his com- 
ments... .’ Sometimes a misprint would seem to be 
advantageous, as when ‘‘Hope for success’ becomes 
“‘Hop for success,” or when an article advocating intern- 
ment of foreign spies says that they should be ‘“‘in 
terred,” or perhaps (from the student’s viewpoint) when 
nuclear physics becomes “‘unclear.’’ The horror of 
war is mitigated momentarily when we read of ‘‘The 
King’s Royal Riffle Corps’ (Look, sa cimaanidid 7, 1943) 
and the ‘‘“German Luftwaffe.” 

Sometimes the misprint startles you, as in the fore- 
word to ‘‘Pavlov and His School,’’ which reads “The 
majority of his bereaved pupils are now actuated by 
only one idea: to sleep themselves in the everyday 
work of the laboratory that Pavlov so much loved.”’ 
Sometimes the omission of a single letter obscures the 
meaning, as in a recent book which says, “Science in 
secondary schools should be limited to guatitative under- 
standings.” 

Now and then a justifiable word is used in its unac- 
customed sense or instead of a less objectionable syn- 
onym. Even though good authority may be estab- 
lished, such usage detracts from the smoothness and 
clearness of speech. For example, a recent writer 
mentions the “enormity” of some of the enterprises of 
the Federal Government. He may be right, though it 
is obvious that what he is talking about is the enormous- 
ness or magnitude of these undertakings, not the gen- 
erally accepted meaning of the term he uses. Exactly 
in the same category is the admonition ‘“‘No standees”’ 
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frequently seen on a bus or coach. Those who stand 
are standers; standees should be the recipients of such 
action, those on whom the standing is done. In the 
English, if not in the coach, there is some difficulty in 
understanding. The word “normalcy” acquired wide 
acceptance through a phrase emanating from the 
White House years ago. Though it is hard to under- 
stand why, in a republic—or a democracy—a thing 
which is clearly faulty should acquire any sanctity be- 
cause it oozes out at a high level, the word ‘‘swept’”’ the 
country; it appeared in Walter Lippman’s column of 
August 18, 1943, and has found its way into dictionaries. 
Some time, if you are interested, test its propriety for 
yourself. You can think of dozens of words (from 
decency to delinquency) in which the ending ‘‘-cy”’ 
follows the letter “‘n’’; but try to think up a good list 
in which ‘“‘-cy’’ can be correctly substituted for the proper 
ending after the letter “‘l,” as in legality and formality. 

Very frequently, large numbers are referred to as 
‘astronomical figures.’’ The astronomer deals with 
immense distances, but instead of measuring them with 
any earthly yardstick, he uses such units as the light 
year and the parsec, and the numbers are mot large. 
Now that we have achieved a national debt in billions of 
dollars, many of the taxpayers seem to be uncertain 
about how to write the figures, so (probably following 
the lead of one whose heritage is both Arabic and Ro- 
man, and who doesn’t want to neglect either side of the 
family) they write “3 million.’”” (So what? We under- 
stand it, don’t we?) and even ‘‘$3'/, billion.’’ Science 
News Letter (August 7, 1941) wastes space with ‘32 
thousand million tons,’ and a circular of the Lithog- 
raphers National Association (January, 1942) reads “a 
$200 million dollar American industry.’ Every de- 
parture from good form, sooner or later is unquestion- 
ingly accepted and used by somebody who can’t quite 
handle it, and so makes it hard to understand. 

Even when a statement is grammatically correct, a 
little attention to the choice and sequence of words 
would often help the reader. The book title “‘Con- 
sumption in Our Society’ (Hoyt) does not reveal 
whether it is for the consumptive or the consumer. 
The italics which I have introduced in the following quo- 
tation will not help the reader either but will emphasize 
the ambiguity. “Flashes must be of short duration, 
preferably not lasting more than a minute fraction of a 
second.’’ A second glance is required for interpreta- 
tion of ‘The filling of the bomb will burn without air.”’ 

Occasionally a perfectly proper statement is so 
worded as to raise a question of cause and effect, as in a 
book known to many chemists, which, in the preface to 
the second edition says, ‘““The Great War followed 
closely on the publication of the original volume.”’ 

The vagaries of language are such that sometimes, 
even when a thought is stated inexactly, we know just 
what is meant. For example, if a man writes “I send 


enclosed herewith’’ or I “greatly appreciate,’ the words 
here italicized are superfluous (appreciate means to 
appraise at the correct value, and this cannot be done 
“highly” or ‘‘very much’’). 


On the other hand, a man 
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may know exactly what he is talking about and still 
fail to convey his meaning to his audience, as with the 
man who said he didn’t like sardines ‘‘very good,” and 
was advised not to eat them until a few weeks after he 
opened them. 

Today a good deal of teaching and a vast amount of 
practice favor sparse punctuation. This is very largely 
the result of uncertainty regarding the proper use of 
punctuation. Today, as in the past, clarity is achieved 
by putting punctuation marks where they belong. 
That is what they are for. 

A single comma can change the meaning of a state- 
ment. A woman who “wears silks and laces’’ may 
present a slightly different “‘figure’’ if she “‘wears silks, 
and laces.’ The following are recent examples of sparse 
punctuation: 


“Until about 1820 astronomers followed this practice.” 
“On July fifth, 1942 papers were served on the ... Company.” 


In each instance, a comma right after the digits 
would dispel any uncertainty as to whether the figures 
represent a date or a numerical value. In the following 
example, a comma before the digits would serve the 
same useful purpose: 


‘During the year 1500 units were manufactured.” 


A comma after “‘exist’’ would be helpful in the state- 
ment “Only the honest printer . . . can hope to exist and 
maintain a market for his books.’’ The Scientific 
American (January, 1937) should have omitted the first 
comma in ‘“They gathered damask, roses, and lavender 
and dried them to make linen closets sweet.”’ 

In each of the following (from reviews of books) a 
change in wording is desirable, but, with the sequence 
of words here used, a comma would be reassuring: 


“Story of a wild horse for very young children.” 

“One reads this story of the three years’ work of a woman doc- 
tor called to that region not only with keen interest but with the 
respect that truth demands.” 


A book on semantics is entitled ‘‘Language in Action; 
a Guide to Accurate Thinking” (Hayakawa). The 
blurb on the jacket reads: ‘How to tell the truth when 
you see or hear it—and how to tell a lie when you read 
or hear it—is of vital importance in this day of propa- 
ganda and censorship.’’ The singular verb ‘‘is’’ seems 
unfortunate, and the intended meaning probably is how 
to recognize a lie or the truth. Probably this blurb 
was not written by the author, but it tends to impair 
confidence in his book as a guide to accuracy in the use 
of words. 

Accuracy in print is achieved only by constant vigi- 
lance. Rigorous editing of part of a paper without 
making the rest of the paper consistent therewith is no 
more advantageous than the work of the ‘‘quantita- 
tive’ chemist who wrote a highly precise cook book in 
which he gave such instructions as ‘Season with 0.875 
of a pinch of salt and 0.525 of a dash of paprika.” 

Many an error in both usage and orthography could 
be prevented by using a good dictionary. The house 
organ of an important institution has an article on 
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“Seed disbursal.”” In a recent technical book, the au- 
thor discusses ‘‘annular’’ rings in the growth of trees. 
He means annual rings. All rings are annular; they 
can’t help it. The expression ‘‘annular rings,’ fre- 
quently found in engineering literature, is redundant. 
In a paper on ‘Tree flowers . . .’’ the author writes of 
“stamanite catkins’ and ‘“‘stamanite and _ pistillate 
flowers’; not a mere typographical error, as the word 
occurs four times on a single page. A nationally known 
reviewer of books writes, ‘“‘“Someone sooner or later is 
bound to compare it with ‘The Good Earth,’ and indeed 
it is of this type, no more to be hurried than a sunrise, 
no more to be delayed than the procession of the equinox 
{sici.”” A new book entitled “‘How to Dictate Better 
Letters’ (Grady and Hall) calls attention to this bit 
of instruction accompanying a set of blanks for rating 
the efficiency of employees: ‘You are supposed to rate 
each new employee, sign same in the lower right hand 
corner (back side) and return to this office.”’ 

A health magazine used the expression, “High life 
goes on and on, for girls of high-school age,’’ and, two 
months later, explained that it should have been ‘““How 
Were cies 

Though it may not be feasible to write a formula for 
it, there probably was, this summer, a more or less di- 
rect ratio between the total acreage of amateur gardens 
and the area of epidermis blistered by the unaccus- 
tomed use of tools. A magnificent piece of work has 
been done by gardeners throughout the country, but 
there have been many headaches and futile backaches 
because some of the methods were as bad as some of the 
printed advice. One little book entitled “How to Have 
a Victory Garden,” gives the following revealing (?) 
definition: ‘‘Corn smut... can be identified by its ap- 
pearance, which is designated by the name.”’ 

Right fornenst the item on smut may be a good 
place to venture the opinion that one thing which will 
not come amiss to the person who does much writing or 
editing is a slight sense of the pornographic—not to 
get stuff into print, but to keep it out! Every year a 
surprising number of things, written in all innocence, 
cause a red-in-the-face feeling after they are published. 
We realize that the pure in heart will never detect them, 
but it’s just as well to remember that there may be one 
or two of the other fellows around. You know the old 
proverb ‘‘He who laughs last has found a hidden mean- 
ing.” Nothing of the kind will be introduced in this 
paper which is for pure chemists. 

In the paper mentioned in the second paragraph of 
the present paper I made the statement that of the 
various factors contributing to the impairment of 
English speech, three are today increasingly conspicu- 
ous: (1) ignorance and unintelligence in compounding 
(the use of the hyphen); (2) acceptance of new terms, 
blindly and complacently, giving no thought at all to 
whether they are accurate, or meaningful, or necessary; 
(3) avoidance of the ordinary connectives of English 
speech (prepositions and conjunctions). 

1. Hyphenation. In a review in Journal of For- 
estry (November, 1942, p. 891) I had a little to say about 
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hyphenation. I said there that ‘‘the general principles 
underlying the formation of compounds in English are 
well known. ... On the compounding of words, the 
three most reliable sources of existing information are 
the Century dictionary, the Standard dictionary, and 
Murray’s Oxford English dictionary.’ Hyphenation 
is a part of spelling, but most writers ignore the infor- 
mation in these dictionaries. The fallacy that hy- 
phenation can be accomplished without the use of the 
hyphen leads to some queer expressions. 

In the statement ““The Mt. Lebanon-College Avenue 
match was postponed”’ (Pittsburgh Post-Gazette July 12, 
1943), only ‘“Lebanon-College” is in any way affected 
by the hyphen. Similar examples are very common as 
in the headline “‘Zivic-Sergeant Kid McCoy”’ and “The 
Fritzie Zivic-Young Kid McCoy fight” (Pittsburgh 
Post-Gazette, August 9, 1943). 

“Pros Beckon Ex-Duke Coach” (Pittsburgh Post- 
Gazette, July 31, 1943) refers to a former coach at Du- 
quesne University. 

“‘Pre-Pearl Harbor fathers” (Pittsburgh Post-Gazette. 
Pittsburgh Bulletin Index, August 5, 1943) is common. 

““‘War-length guesses’ (Newsweek, August 2, 1943) 
says, but doesn’t mean, that a guess is as long as the 
war. The remedy here is the proper use of prepositions 
and articles. 

In the following quotation from the A/élantic \/onthly 
(July, 1943, p. 102) italics are supplied to bring out the 
horsy character ‘““—a Walter de la MJare-ish sense of 
humor.”’ 

Without the hyphen, a word like “‘preinduction”’ has 
to be deciphered, and such words as ‘“‘coworker™’ (with- 
out the hyphen) and ‘‘cooperation’’ (without either 
dieresis or hyphen) start off with a deceptive agricul- 
tural implication. 

2. New Terms. Clarity of speech is greatly ham- 
pered by the great American fallacy of unquestioningly 
accepting any new word without giving any thought to 
whether it is correct, or useful, or necessary. 

A writer in the Journal of Accountancy (November, 
1942) says, ‘“The blatant arrogance of ignorance is hav- 
ing a bad effect. Some people seem to believe that 
because a character in a moving picture murders the 
language, it is a cue for the rest of the populace to per- 
petrate similar crime.” 

An instance of blind acceptance of terms, without 
questioning their meanings, is found in the use of the 
phrase ‘‘dead reckoning.”’ It was originally written 
“deduced reckoning” (not a very happily worded phrase 
Since reckoning usually 7s deduced). This expression 
was used until someone, who was too tired or too hurried 
to write it in full, used the abbreviation ‘‘ded. reckon- 
ing.’’ Someone else who was too lazy or too careless 
to put in the period, wrote it “ded reckoning.” Later, 
someone who was a little more careful corrected (?) the 
spelling to ‘“‘dead reckoning.” It will probably continue 
to be used until someone makes another mistake. 

Scientific and technical men in England are less likely 
to adopt new terms unthinkingly. The expression ‘Fire 
cracker welding” is becoming widely used in America, 
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but a British writer says (Welding, March, 1943, p. 169), 
“This term which is of American origin is not a satisfac- 
tory one and should, in the opinion of the speaker, be 
dropped altogether.” The important point here is not 
whether this term is good or bad; the important thing 
is the willingness to give a little thought to the matter. 
There is a good deal to be said for the query propounded 
by the colored preacher, ‘“‘Has you all ever paused to 
consider how much may be ascertained by findin’ out?”’ 

Every now and then someone boasts that he or a 
friend has “‘coined”’ a word; but validity is not achieved 
by the mere process of coinage. While the average man 
will quickly repudiate a counterfeit quarter and will be 
very willing to spend 50 cents’ worth of time in finding 
out about one which he suspects, he accepts a coined 
word (which will probably stay with him longer than 
the quarter) without the slightest interest in whether it 
is valid or spurious. 

The American people are characterized by thought- 
less enthusiasm in acceptance of new terms and slogans, 
and amazing inertia in relinquishing them. After 
nearly two years of war, we read daily of “defense” 
workers and ‘‘defense’’ plants. The man who grew 
“defense” tomatoes last year, now grows ‘‘victory”’ 
tomatoes just because some one handed him a new 
word. There is probably a good deal of sincere belief 
that ‘freedom from want’ will be attained by suffi- 
ciently wide use of the phrase itself. 

A friend told me recently that he is getting very tired of 
the use of ‘‘contact’’ asa verb. There is no reason why 
it should be any more fatiguing now than when it was 
first used. It was always vague because it did not in- 
dicate whether the recipient of the contact had been 
touched up by mail, by telephone, or by collision. 

Whether we use the verb ‘‘catalogue”’ or ‘‘catalog’’ is 
a matter of choice. With the latter, the past tense is 
“catalogd,’’ but there is wide use of the form ‘“‘cata- 
loged”’ (indicating the soft sound of “‘g’’)—the worst of 
the four possible forms of spelling. 

One term which is vastly overworked is “stream- 
lined.”’ Personally, the only thing I have ever seen 
which was actually streamlined was a Negro baptism, 
but in the mechanical field the term has acquired a wide 
acceptance as a synonym for avoidance or reduction 
of friction; but writers are unwilling to allow it to 
serve that purpose, and we read of streamlined speeches, 
streamlined advertising, and streamlined printing. Very 
recently, in a national magazine of wide circulation, I 
read of a man who “streamlined his good-by.” It 
might be interesting to compare it, before and after. 

Many publishers, some reviewers, and a few librar- 
ians are fond of referring to a book as a “‘must”’ or a 
“must book.’’ Even if the idea were sound (though it 
isn’t), the English is faulty. Our adjectival form is 
“musty” and the only time I have seen the substan- 
tive correctly used in this sense was in the sentence 
“The compost pile is a must in the garden.” 

A book off the press late in August is entitled ‘‘Radio 
Materiel Guide” (Almstead and Tuthill). Whether the 
authors intended it to be in English or in French, the 
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second word of the title is misspelled. In either case, 
the word does not seem to be well chosen, for the 
jacket indicates that the book is concerned with 
“equipment and methods.” 

Surely ‘‘review of arithmetic’ is a shorter and saner 
expression than “refresher course in arithmetic,” but 
the term “‘refresher’’ is now used (not always gram- 
matically) in connection with many courses of study. 
Perhaps the purpose is to suggest that the work will be 
less arduous. The word “purpose” itself seems to be 
obsolescent. Today almost nothing is done with a 
purpose; it is performed with an ‘‘objective,’’ prefer- 
ably performed ‘“‘objectively,” and always by “per- 
sonnel.”’ I recently saw the statement, “Thirty per- 
sonnel work in this plant.” 

We might wonder how anyone got along before some- 
one introduced the phrase “balance the budget.” — In- 
dividuals and communities got along at least as well be- 
fore; the fundamental idea is expressed more briefly 
in the two words ‘‘avoid debt.”’ 

I don’t know who first blundered onto the noun ‘‘de- 
featist.”” That suffix “‘-ist’’ has been so misused that 
it no longer has one exact meaning but commonly it 
identifies one who accomplishes or produces something 
or is accomplished or expert in something, as artist, 
typist, stylist, or cornetist; so defeatist ought to mean 
one who defeats, thus a victor or conqueror. 

The present war is enriching the language through 
many picturesque and descriptive terms but is respon- 
sible also for some uncouth and unnecessary expressions. 
Newspapers and magazines speak of ‘‘doning’’ blood. 
“Spearhead”’ and ‘“‘bridgehead’”’ are used where 
neither can possibly have any application. Somebody 
writes ‘global’ war, and immediately has a multitude 
of imitators, some of whom write “globular” war. The 
phrase ‘‘for the duration’’ is a little longer and a lot 
less explicit than “during the war,’’ but it is supposed 
to sound a little smarter, so almost everybody uses it 
as a matter of course, though some people have used 
the variation “during the duration,” and a few have 
asked, ‘‘How long do you suppose the duration will 
last?’ Invariably, where we adopt expressions which 
are not quite clear, somebody makes them a little worse. 
Every time we start “cutting up” with the language, 
some cut-up is sure to cut it up until we have difficulty 
in reassembling it. ‘“‘Kommando” or “commando” 
has been widely misinterpreted. ‘‘A commando is a 
body of men called out by command of the commandant 
of a district” (Journal of Accountancy, January, 1943); 
it is not an individual. Recently most of the public 
prints have been aping the artist who first used the 
term “underbelly” in discussing the invasion of Europe. 
The term is faulty both grammatically and anatomi- 
cally but there of course remains its esthetic and artistic 
value, so it will probably continue to be used by writers 
striving for elegance. ‘Underbelly’ presupposes an 
upper belly, which at least suggests a second front. 
The term is a direct descendant of the old favorite 
““underdrawers” which always appeared a bit over- 
drawn, though it seemed rather indelicate to suggest 
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that they were (or the term was), in a sense, redundant. 

Terms of known inaccuracy are frequently used face- 
tiously, and subsequently accepted and used seriously 
by people with little sense of either humor or grammar. 
Such expressions as “‘stepperupper” and “‘letterdowner”’ 
were probably first used jokingly. A few weeks ago 
following a very heavy rain in Pittsburgh, a newsboy 
was calling ‘‘All about the cloudbust.” He was prob- 
ably no more inaccurate than the paper he was selling 
which frequently refers to bombs as ‘‘blockbusters.”’ 
Newsweek of July 26, 1943, carries a headline ‘‘City- 
busting.” 

3. Omission of Connectives. Probably the greatest 
of all obstacles to the understanding of English is the 
fallacy that parts of speech can be connected without 
the use of connectives. Writers omit prepositions and 
conjunctions and emit strings of nouns modifying each 
other—if you can figure out just what the relationships 
are. One argument is that this construction (?) is 
“‘shorter.’’ Probably it saves a little wear and tear 
on the writer, but in its worst forms, it will lose a little 
time for everyone who tries to read it from now till 
Kingdom Come. 

In Science (August 27, 1943) a writer complains 
bitterly because certain editors have so changed his 
copy that a noun modifying a noun, in his manuscript, 
reaches the printed page as an adjective modifying a 
anoun. Specifically, he resents the editorial change of 
“horse serum’’ to “equine serum.’ The latter is un- 
mistakably clear; the former may mean serum for the 
horse or serum of the horse. Probably these editors 
have, as a safeguard, wisely adopted a style which will 
permit this malady (the omission of connectives) to be 
treated in its acute stages where (with apologies to 
“Gert” Stein) a noun modifies a noun modifies a noun 
modifies a noun. 

“Consumer research’’ may mean research by the con- 
sumer, research for the consumer, or research concerning 
the consumer. ‘Quality control’? may mean either 
the quality of control or the control of quality. It is 
hard to tell quickly and surely what is meant by “‘mate- 
rial control shortage group,” ‘‘taking out blade thrust 
bearing retainer,” and ‘instrument approach procedure 
summary.’ The National Conservation Bureau is- 
sued, late in August, 1943, a ‘‘War Plant Employee 
Transportation Survey Manual” which gives consider- 
able attention to “preventive maintenance.” ‘“‘Air- 
craft Production Planning & Control’ is the title of a 
book just off the press. As title pages commonly dis- 
regard punctuation, this might indicate the production, 
the planning, and the control of aircraft; it is intended 
to mean the planning and controlling of production in 
the manufacture of airplanes. 

_ There’s a yarn about a young girl who had some pul- 
monary affliction, and the family doctor, insisting that 
the low land along the lakes and watercourses was dis- 
advantageous, advocated sending her to the arid climate 
of the great Southwest. Her father, however, said that 
the family had a shack in the woods right at the site of 
the new dam, and perhaps they could take care of her 
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there just as well asin Arizona. The doctor’s reply was 
“Oh, no, no; not by a dam site.’’ So this running to- 
gether of strings of nouns makes reading which is some- 
times amusing and sometimes confusing, which is 
worse. 

Criticism of this kind is commonly looked upon with 
little tolerance because of the idea that the man who 
elects to read any material is equipped to understand 
it. How do we know? Surely one of the most impor- 
tant functions of language is to convey information to 
the uninformed. Ifastatement is accurately written in 
highly technical terminology—botanical, medical, or 
metallurgical—the earnest reader, aided by dictionaries, 
can find out what it means; but, if a statement is am- 
biguous by reason of the omission of connectives or be- 
cause of a faulty choice and sequence of words, no 
amount of work with the dictionary will make it clear. 
So I repeat that the chief obstacle to the understanding 
of technical literature is not the technical terms them- 
selves but the slovenly use of the medium in which the 
thought is presented—the English language. The 
worst feature is not ungainliness but obscurity. With- 
out insisting on high literary quality we are entitled to 
expect language to convey thought, and in that it often 
fails. 

Back in the days when Bud Fisher flourished, he used 
an idea which might be applied advantageously in much 
of our modern writing. With his characters, Mutt asa 
desk sergeant and little Jeff as a patrolman on the 
police force, Jeff comes in to report a dead horse on 
Kosciusko Street, and is told to fill out a report. After 
some business of scratching the head and biting the 
pencil he says ‘‘Mutt, how do you spell Kosciusko?” 
and is told ‘‘You’re writing that report.’’ Jeff starts 
to leave, and is told ‘Hey, you didn’t turn in your re- 
port,” and replies “I'll be right back; I’m just going 
down to pull that horse ’round the corner on Pine 
Street.” There’s nothing silly about that; by that 
procedure he could turn in an accurate report. With 
so many twisted sentences and ambiguous phrases, I 
often wonder why in the name of Bud Fisher the author 
didn’t pull ’em ’round on Pine Street. 

Some of the points discussed above will be illustrated 
by examples in the following heterogeneous collection 
assembled almost entirely within the past two months. 
Some are not good English; some are not good sense 
Most of them could have been kept out of this list by a 
very little care when they were being written, and by 
judicious use of the material in the appended bibliog- 
raphy which, in scope and dependableness, offers am- 
ple guidance. 


EXAMPLES 


“Besides, his neighbors say, his prices are cheaper’’ 
(Newsweek, July 5, 1943). 

“We have made such arrangements so that we could 
give you a more complete service’ (advertisement of a 
large chemical company). [Even when it was com- 
plete, there should have been little complaint. ] 

“Life and living are at a different tempo today than 
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they were 50 years ago”’ (privately published address by 
a nationally known authority on printing). 

“Several grades of very high nickel-chromium steels 
are made.” [Probably means steels with a high content 
of nickel or chromium, or both, but it says that the 
steels are ‘“‘very high.’’] 

“The most definitive book on Martial Short Arms ever 
published” (advertisement of “United States Martial 
Pistols and Revolvers’). [‘‘Definitive,’”’ as applied to 
a book, is a widely used but usually meaningless term. 
With several authors writing books on the same subject, 
each may call his the definitive work. Calling it the 
‘most definitive’ doesn’t help much. | 

‘And you can bet your /ast bottom dollar that what 
we have said is true’’ (advertisement). [Well, we once 
read of reducing something to the ‘lowest possible 
minimum!’ | 

“The number of illustrations should be reduced to a 
reasonable minimum’’ (instructions to contributors to 
a national magazine). 

“Enables the teacher to develop the course on a 
sound, constantly widening foundation’’ (advertisement 
of ‘‘Today’s Business Arithmetic’). [A foundation 
which keeps “constantly widening’ doesn’t sound so 
sound. | 

“It is brutally frank .... In its 256 pages it packs 
the guts of 20 years’ experience.... It tears the lid off 
many of our platitudes. ... The few people who 
bought a copy told others. . . and the other morning 
when I woke up I found that 15,000 copies had rolled 
over the dam” (advertisement of a book). [This is 
slightly mixed and it’s hard to tell whether to dam it or 
to keep ’em rollin,’ but 1t would be nice to know how 
many people contributed to the purchase of that one 
copy. | 

“T am a licensed practioner’ (advertisement of a 
book). 

“A concise chemistry text whose fresh approach 
heralds a textbook innovation equal in modernity to 
science’s latest discovery” (advertisement of ‘‘Visual- 
ized Chemistry’’). [All right, try to write the equa- 
tion. | 

‘Loud speaker 1000 times louder than Niagara.” 
[Let x = the loudness of Niagara. | 

“Seven families routed by sub-zero blaze.” [This 
“cold light”’ the scientists are hunting. | 

“Many special terms are used herein in a very loose 
manner for the sake of clarity.”’ 

“3000 R. P. M.'s.” 

‘“‘Save. . . paper by reducing margins and paper 
weights’’ (communication from War Production Board, 
in Instruments, August, 1943). [Perhaps the paper 
weights will help to hold it down. ]} 

“Petroleum cracking still tube supports.” 

“Air raid precautions command organization.”’ 

“Fuel oil price jump”’ (Fuel Digest, April 23, 1941). 

“Avalanche retrograde streamer mechanism.” 

‘Marketing machinery in motion.” 

‘‘How to make people buy hard to sell things’’ (Circu- 
lar of Council for the Improvement of Specialty Selling). 
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“Development of an effective goggles program’ (Na- 
tional Society for the Prevention of Blindness). 

“He has never been left off of any All-Time All 
America”’ (Reader's Digest, August, 1943). 

“The new safe driver reward plan offers the motorist 
a saving... in his combined automobile bodily injury 
and property damage liability premium’’ (advertise- 
ment of insurance). 

“Some of whom have or will join our staff’ (Publish- 
ers’ Weekly, August 14, 1943). 

“Dies now produced in !/,th the time’’ (Table of con- 
tents of a trade journal, June, 1943). 

“One Auto Tag Plan Accepted’ (Pittsburgh Post- 
Gazette, August 4, 1943). 

“The Federal Bureau of Investigation said the kid- 
naped child was the youngest on record’’ (Pittsburgh 
Post-Gazette, August 4, 1943). 

“In back of third base.’ ‘‘In back of the pitcher's 
mound.” ‘‘Don’t let him get in back of you.” (Satur- 
day Evening Post, July 10, 1943.) 

“In back of the Friars’’ (‘‘Sea of Cortez, ” p. 55). 

“Mother built a little house im back of it’’ (“Chicken 
Every Sunday,” p. 1). 

“To do so would look /ike he was being forced out. . .”’ 
(Newsweek, July 26, 1943). : 

‘‘Checking the progress of treatment”’ (‘‘Aids to Medi- 
cal Treatment,” p. 220).  [‘‘Checking,’’ we hope, 
means inspecting or determining, not retarding. | 

“Slow speed fan’’ (advertisement of a “gas unit 
heater’). 

“That hydrant-headed monster, Prohibition’”’ (Trade 
literature). [Good enough, but the writer apparently 
was serious. | 

“Hot melt rubber condensation derivative composi- 
tion” (U. S. Patent 2,279,557). 

“Receiving roll adjusting means for web winding 
machines” (U. S. Patent 2,281,965). 

“Mr. Poag likened advertising mediums to a kit of 
carpentry tools, calling the hammer, publication ad- 
vertising; the saw, radio; the 7-Square, outdoor adver- 
tising.... [The radio is characterized by a lot of old 
saws, but not much “carpentry” is done with the T- 
square. | 

“A dosage of one part of ethylene to 1000 cu. ft. of 
room space is recommended”’ (Trade literature of a large 
company). 

“Gasoline bootleggers have robbed Pennsylvania out 
of many millions of dollars in taxes’ (Address by Secre- 
tary of Revenue, Commonwealth of Pennsylvania, be- 
fore American Petroleum Institute). 

‘Water is practically incomprehensible” (“Boys’ Book 
of Physics’). [It’s hard to compress the stuff, too. ] 

“The slow moving horse and wagon has been super- 
seded [sic]’”” (American Enameler). 

“Adressbuch der Emil-Industrie” (advertisement). 
[Not concerned with the reason so many fellows are 
called ‘‘Emil,’’ but with the enameling industry; a mere 
misprint for Email.] 

“Flying Fortress,” by Thomas Collison. Illustrated 
by photographs’ (Scribner, 1943). [There are no 








ah a ft fish Ck ae a ee 


~— 





ON 


All 
‘ist 
se- 


sh- 


en 


de 
ly 


si- 


of 
d- 
T- 
Id 
r- 


of 
re 


ut 
e- 


Ik 


re 
re 


te 





NOvEMBER, 1943 


photographs. All the illustrations are printed by the 
printer, in ink. An expression commonly used to de- 
scribe an illustration is ‘photographic reproduction.”’ 
This is ambiguous; it should mean a reproduction by 
photography resulting in a photograph, but it is more 
frequently used to refer to halftone printing or offset 
lithography reproduced from a photograph. |] 

Is your child “handicapped . . . with backward vision? 
an eye examination will tell’ (advertisement of an opti- 
cian). 

“In the Frasch process, each pipe is expected to bring 
up from 70,000 to 100,000 tons of sulphur before zt [the 
pipe or the sulphur?] has to be replaced’ (Hosmer, 
“Problems in Accounting,” 2nd Ed., p. 84). 

“This company 1s doing their bit in the aviation 
world.” 

“The most unique book ever published.’”’ [This will 
be more plausible if we accept the more implausible 
derivation of ‘‘unique’’—unus = one, equus = horse.] 

“Cattle windfall failure.” ‘‘An ex-swing shifter.” 
(Newsweek, September 6, 1943.) 

“Raise some $40 million hard cash’ (Pittsburgh 
Bulletin Index, August 26, 1943). 

“The miracle price of only $1.98” (advertisement of 
a publisher). 

‘Breech of good manners”’ (Saturday Evening Post). 
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“Scientific literature survey” (JOURNAL OF CHEMICAL 
EpucatTIon, August, 1943) may mean either a scientific 
survey of literature or a survey of scientific literature. 

“To make available a complete search for laboratory 
workers who are hampered by lack of adequate library 
facilities. . .’’ (JOURNAL OF CHEMICAL EpucaTION, Au- 
gust, 1943) does not mean a quest for hampered work- 
ers. 

“Lands of the Free Handbook”’ (Columbia Univer- 
sity Press, New York, 1943) suggests that the handbook 
is free. 


ANNOTATED BIBLIOGRAPHY 


Author: FLAHERTY, MARTIN CHARLES. 
Title: ‘How to Use the Dictionary,’’ Ronald Press Company 
New York, 1923. 


This little book might well be made a part of the required course of 
study in any school (or college) where a competent instructor can be 
found. 


P| 2 i ere meee 
Title: [English Grammar. ] 


In the above blank, supply the name of any one of a large number of 
authors, but preferably one who flourished a decade or more ago when it 
was still conceded that English was divided into definite parts of speech 
which had prescribed functions. For the title, stick to the above or 
some reasonable approach thereto, rather than such titles as ‘‘Looping a 
Lasso on the Living Language.”’ 


EDITOR’S OUTLOOK (Continued from page 521) 


the scale, although when it comes to actual failure most 
of us are willing to allow a consideration of such in- 
tangibles as effort made and seriousness of purpose to 
modify the mere serial position in a group. 

Assuming that one is dealing with a sufficient number 
to constitute a reasonable group or series, a 50 per cent 
proportion of failure is as much a failure of the in- 
structor as of the students, because it indicates not 
only inability to stimulate a sufficient amount of men- 
tal activity but also a faulty sense of proportion. 

It is a sort of esthetic problem. We could, of course, 
proceed on the assumption that only half of the people 
who set to work on a problem ever do it well enough to 
“succeed,’”’ but that somehow offends our sense of 
proper proportion. To change the metaphor, we feel 


that our educational machine should be more efficient 
than a good steam engine—perhaps less so than an 
electric motor. 

So what about standards? Maybe it will be just as 
well to admit that our Army and Navy students are to 
be considered a homogeneous group and judged in rela- 
tion to each other. Time is too short to waste much 
of it wondering why this group is any different from 
others. The Army and Navy have indicated that they 
aren’t really much interested in the rigamarole of pass- 
ing and failing and academic grades. They want us to 
teach these men as much chemistry as possible in as 
short a time as possible. Academic credit, if it is to be 
given, is a problem for each institution to settle for 
itself. 


The “panning” of the gold prospector has become a legend. The modern counter- 
part is “‘lamping,”’ by means of which new deposits of scheelite or tungsten ore are dis- 
covered at night, using a short wave ultraviolet vapor lamp. 








Out of the Editors Bashet 


— comes to us from Leroy D. Johnson, of 
Storer College, Harper’s Ferry, West Virginia, the 
suggestion that waste chalk from the lecture room 
may be used for some interesting experiments or dem- 
onstrations. He recommends grinding it up and heat- 
ing it in a nickel or iron crucible fitted with a close- 
fitting copper cover and bent glass outlet tube leading 
into a suction flask containing lime water. Slow 
aspiration will result in carbon dioxide being drawn 
into the flask, clouding the lime water. After vigorous 
heating with a Meker burner for five or ten minutes 
calcium oxide can be found in the residue in the crucible. 


@ Leon Segal, of New Orleans, Louisiana, was faced 
with the problem of adapting the conventional two-pole 
electric outlet plugs to the three-pole outlets (one pole 
grounded) in his laboratory. He devised the plug 
adapter shown in the illustrations, A and B, made from 
_a three-wire composition cap (a in the illustration) and 
a two-wire receptacle, >. Wires are soldered to the 
center electrode and the screw electrode of the recep- 
tacle; the first of these is passed through the center hole 
and connected with one of the live plug electrodes; the 
other is passed through one of tliree holes drilled through 
the mold spots in the cap and then connected to the 
other live electrode. The ground electrode is left 
dead. Small nails are put through the other two drilled 
holes and soldered to the receptacle, at c, to act as 
braces. All the small openings, such as those at d in the 
illustration, are filled with water giass or acetate 
“dope” and the space between the two parts then filled 
with polystyrene—thus making the whole project 
really a chemical one. This involves constructing a 
mold, distilling the styrene and polymerizing it at 





80°C. in successive layers on the adapter, and finally 
turning and finishing it in a lathe, so that it has the final 
appearance shown in B. It sounds like a lot of labor for 
a plug adapter, but our correspondent thought it was 
fun! 


e@ The Westinghouse Editorial Service, East Pitts- 
burgh, Pennsylvania, has issued a booklet, ‘“The ABC 
of Electronics at Work’’ which is dedicated ‘“‘to the 
army of military and industrial technicians whose war- 
time duties now include the operation of electronic 
devices.”’ It should be an aid in making the teaching of 
this subject easy. 


e@ We found the following in Food Materials and 
Equipment under the title of ‘“‘Pernicious inertia’’: 


“The doctors have found a name for it. One encounters it 
almost everywhere—the lethargy and quiescent state of somno- 
lence which a noted psychologist once described as a ‘solemn sense 
of surrender to the empty passing of time.’ But it seems that 
now it is not inherent laziness but a well-defined disease which 
eventually puts the sufferer to bed. The name given to this hor- 
rible state is ‘pernicious inertia.’ The cure is largely dietary. 

“Drs. Sidney A. Portis and Irving H. Zitman of Chicago have 
reported on the disease in the Journal of the American Medical 
Association. They suggest that it is caused by low blood sugar 
resulting from excessive insulin production by the islands of 
Langerhans in the pancreas. Constant stimulation of the vagus 
nerve by the emotional turmoil which these neuro-psychiatric 
patients suffer causes this overproduction of insulin. 

“To remedy the condition, the doctors put their patients on 
a high protein (try and get it today), moderately high fat, and 
relatively high carbohydrate diet, with extra feedings of fruit 
juice and milk between meals. The carbohydrates are given in 
the more complex forms which take more time for complete 
digestion. Sugar and sugar-rich pastries are avoided. In addi- 
tion to the diet the doctors give small doses of atropine three 
times a day to partially paralyze the vagus nerve so that tem- 
porary or prolonged stimulation by the emotions may be avoided. 

“Tf the medical profession really goes after all the somnolent 
folks wandering around in the food industries these days, most 
of us will be under hospitalization in no time at all.” 


@ The Office of War Information reports that “‘quis- 
ling’ industrialists in the chemical field have shared 
most heavily in the spoils of Nazi conquest. German 
big business, under protection of the Nazi terror, has 
acquired an economic empire embracing virtually the 
entire industry, trade, and finance of Europe. 

The penetration of German interests in the chemical 
field follows the over-all pattern of Nazi economic con- 
quest of Europe. In each segment of the European 
economy—in banking, in heavy industry, in trade, in 
electric power and light metals—Nazi interests pre- 
dominate. Those interests bring profits and power to a 
small clique in Germany which exercises its monopo- 
listic control over Germany’s European empire by a 
system of interlocking directorates, cartelization, and 
other legal methods, as well as by outright confiscation 
of properties from individuals in the conquered nations. 
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e@ The third nation-wide search for the 40 most talented 
teen-age scientists in America will be conducted among 
some 1,500,000 high-school seniors during the fall and 
winter months of this year. An annual quest for promis- 
ing scientific ability, the Science Talent Search will en- 
list the aid of 40,000 high-school principals and teachers 
who will administer tests and supply other necessary 
data. Westinghouse Science Scholarships totaling 
$11,000 will be awarded to at least 10, and possibly 40, 
of the young scientists of the future. 


e@ Production of salt in the United States for numer- 
ous war uses, industrial processes, and civilian require- 
ments, will reach an all-time high in 1943. The Inter- 
national Salt Company, Inc., estimates that 14,048,000 
tons of salt will be produced this year, topping last 
year’s record production by more than 350,000 tons. 

Of this amount, it is estimated that 3,336,000 tons 
will be produced in the form of rock salt, 3,136,000 tons 
will be evaporated salt, and 7,006,000 tons will be in 
brine form. Production in 1944 in all three categories 
is expected to show a decline from these figures. 

Since 1940, there has been a. great increase in salt 
production because of salt’s importance as one of the 
basic raw materials of industry. In 1940, total pro- 
duction was 10,359,960 tons, or 3,688,040 tons less than 
the expected production for 1943. 

Salt has been found in 19 states in this country, 
principally in the form of stratified beds deep in the 
earth, also in submerged mountains, surface flats, and 
lakes. Michigan ranks first in production, with New 
York second. The nation’s greatest salt mine, at 
Retsof, N. Y., taps 1000 acres of salt located 1073 feet 
below the ground. An unusual salt mine is shown in 
the frontispiece. 

Salt’s normal employment in the preservation and 
seasoning of food, in all types of industry, and in the 
removal of snow and ice from highways to speed war- 
time traffic have all been greatly accelerated by the 
urgent demands of a mobilized nation. Its uses after 
the war are likely to be even more diversified as salt 
promises to fulfill new functions in postwar develop- 
ments. 

e Fiberglas fibers are now being used in combination 
with plastics where they serve as reinforcement for 
lightweight, high-strength structural parts for air- 
craft. The Fiberglas-plastic parts can be molded at 
low pressures, reducing fabrication costs and man- 
hours. The fibers are said to be adaptable to similar use 
as reinforcement for certain cements and plaster-like 
materials in which their high tensile strength may give 
improved physical properties to the resulting product. 
Another potential field of use is the admixture of glass 
fibers with other fibers, as in felts and papers. It is be- 
lieved that the high tensile strength and non-stretching 
and non-shrinking characteristics of glass fibers will 
contribute new and valuable properties to other fiber 
and textile materials if means can be found to combine 
the raw materials economically. Fabrics combining 





PHOTOMICROGRAPH OF GLASS FIBERS SUITABLE FOR FILTER- 
ING, EVAPORATING, AND Contact Mat APPLICATIONS WHERE 
Low RESISTANCE IS REQUIRED. THEY RESEMBLE SMOOTH, 
SoLtip Giass Rops oF VERY SMALL DIAMETER, NON-HYGRO- 
SCOPIC AND NON-ABSORBENT. AVERAGE FIBER DIAMETER, 
0.0080”; SuRFACE AREA, 38.7 SQUARE FEET PER Pounp. 


glass with cotton, rayon, and asbestos are now manu- 
factured by combining the yarns of the desired types. 

The several glass fibers now available are dis- 
tinguished by differences in diameter, tensile strength, 
and the glass composition employed. Four glass com- 
positions are used to provide different properties re- 
quired for different applications. These properties, 
each of which is found in a substantial degree in all the 
fibers, and to a maximum degree in some, include re- 
sistance to acids and weak alkalies, to high tempera- 
tures, and to severe exposure to weather. The photo- 
micrographs shown here illustrate some of the differ- 
ences in fiber type. 
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PHOTOMICROGRAPH OF GLASS FIBERS CHARACTERIZED BY 
THEIR ‘‘CuRLY’’ NATURE. EACH FIBER IS CRINKLED OR WAVED 
THROUGHOUT ITS LENGTH TO PROVIDE VERY Low DENSITY AND 
HicH RESILIENCY. THE GLASS COMPOSITION OFFERS MAXI- 
MUM RESISTANCE TO AcID CONDITIONS. AVERAGE DIAMETER 
OF FrBer, 0.00115”; SurFace AREA, 262 SQUARE FEET PER 
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@ The scarcity of seaweed products, essential in bac- 
teriological research and useful in scores of food indus- 
tries and industrial processes, has become so critical 
that two laboratories of the Fish and Wildlife Service 
and at least a dozen State and private institutions are 
attempting to develop new sources of supply. 

Chiefly affected are several species of red seaweeds 
from which commercial agar is derived, half a dozen 
brown seaweeds which yield the important chemical 
known as algin, and the more familiar Irish moss. 
With imports of most of these marine plants reduced or 
eliminated by war conditions, the relatively unde- 
veloped seaweed industries of the United States have 
been called upon for greatly increased production. 

Before the war, 92 per cent of the agar used in the 
United States was imported from China and Japan. 
‘With this supply cut off, the War Production Board im- 
mediately acted to conserve existing stocks for their 
most essential use—as a culture medium in bacterio- 
logical laboratories—by reserving all agar for this 
purpose. Other prewar uses included the manufacture 
of dental impression materials, laxatives, emulsifiers, 
and confections. 

The agar of commerce is derived from several re- 
lated species of red seaweeds which occur in California 
and Mexico and possibly in other areas along the coast 
of North America. Technologists of the Fish and 
Wildlife Service are now investigating the possibility of 
extracting agar from other seaweeds which may be 
more abundant. 

The agar weed grows on rocks from the tide line to 
depths of 50 or 60 feet, always in rough waters, and is 
usually gathered by divers who crawl over the rocks and 
pull off the weed by hand. A good day’s harvest is 
1000 wet pounds. Because of weather conditions, 
little can be gathered during the winter. 

With European imports of Irish moss or carrageen 
also affected by the war, the Atlantic coast beds are 
being worked harder than ever. Irish moss grows in 
comparatively shallow water from New York north- 
ward and is most abundant on the rocky shores of 
Maine and Massachusetts. 

Principal uses of carrageenin, derived from Irish 
moss, are in the food industries (to stabilize chocolate 
milk and clarify beverages, and in making puddings) 
and in the manufacture of certain medicines, paints, 
calsomines, soaps, and cosmetics. 

Fishermen gathering Irish moss in New England 
work in water as deep as 10 feet, collecting the moss with 
long-handled rakes. The moss is spread on the beach 
to dry, but must be piled up and covered if rain threat- 
ens, because fresh water dissolves the salts on which 
the ability to form a gelatinous substance depends. 


Several kinds of brown seaweeds collectively known 
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as kelp occur on both U. S. coasts and are harvested 
principally for the valuable alginic acid they contain. 
Algin is used to stabilize ice cream and in finishing 
leather, waterproofing concrete, fireproofing wood, and 
in the manufacture of camouflage materials. 

The seaweeds of the Atlantic coast south of Rhode 
Island and of the Pacific coast north of California have 
not been exploited, but because of the quickened inter- 
est in unutilized species it is predicted that new indus- 
tries will be developed on both coasts before the end of 
the war. 


@ It is said that the 19th Exposition of Chemical In- 
dustries, scheduled for the week beginning December 
6th, in Madison Square Garden, New York, will em- 
phasize “the outfitting of the modern laboratory”’ as 
one of its features. 


e@ There have been a number of developments in the 
technique of welding during the last few years, not the 
least of which is the discovery of ways to weld such 
metals as magnesium. This is accomplished by means 
of apparatus which shields the work fr6m the air by 
helium. Supplies of helium for this purpose have been 
made available by the Bureau of Mines, in the interest 
of war production. 


@ Chemical stoneware has long been the only material 
of construction which is completely inert to the attack 
of all acids, alkalies, and solvents (with the exception of 
hydrofluoric acid and hot caustics). Along with this 
unexcelled resistance to chemical attack has been the 
ease with which stoneware could be fabricated into 
equipment of large size and unusual shape. Unfortu- 
nately, chemical stoneware, besides being somewhat 
fragile, was never able to withstand any degree of 
thermal stress. Heating had to be done carefully and 
slowly. Now, however, there is reported by the U. S. 
Stoneware Company a new variety which can be used 
for boiling kettles, condensing coils, evaporating 
dishes, etc. It is even said to withstand heating with 
live steam while packed in dry ice. 


e@ Chemists, and especially those who operate motor 
vehicles or any kind of equipment in which liquid- 
cooled engines are used, will be interested in a 34-page 
pamphlet issued by the Office of Defense Transporta- 
tion under the title ““Cooling System: Cleaning, Flush- 
ing, Rust Prevention, Antifreeze.’’ Motorists who have 
saved their antifreeze solutions are cautioned by the 
War Production Board to add ‘‘inhibitors’’ designed to 
prevent over-acidity and motor corrosion, before refilling 
their radiators with these solutions. A supply of such 
inhibitors has been assured to civilian use, as has also 
been a limited supply of permanent antifreeze ma- 
terials. 


Most critical uses of silver in war industry are in aircraft engine bearings, photo- 
graphic chemicals, brazing alloys, solders, and electrical contacts. ; 
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A Course of Instruction in Micromeritics 


J. M. DALLAVALLE 


Kruse Engineering Company, Newark, New Jersey 


UCH LESS is known about particles in the visible 

size-range than about the infinitely smaller col- 
loids. This does not mean that colloid theory is more 
perfect, but rather that the subject of fine particles has 
received less attention from investigators. As a result, 
information pertaining to them has never been treated 
in a systematic manner. Recognition of this need was 
noted by the Faraday Society in 1936 when it devoted 
its 64th General Discussion to the subject of disperse 
systems. The papers presented were outstanding con- 
tributions to our knowledge of the behavior of small 
particles in a gaseous field. The American Society for 
Testing Materials and the American Chemical Society 
(especially the former) through their publications and 
committees have done much to standardize techniques 
and procedures used in particulate technology. Agri- 
cultural physicists and geologists have also pioneered in 
many important phases of the subject. Obviously the 
interest shown by such outstanding societies and scien- 
tists justifies more extensive study of micromeritics. 

To anyone who has followed the technical journals 
during recent years the need for some comprehensive 
treatment relative to measurement and behavior of 
particles larger than colloids must be apparent. Fur- 
thermore, the number of industries and the variety of 
products where greater understanding of particle be- 
havior is important are much greater than might be 
suspected by most physicists and engineers. In agri- 
culture—and in fact throughout Nature—small par- 
ticles are responsible for many phenomena necessary 
to all life on this planet. Unfortunately, we have come 
to regard the fine tangible material everywhere about 
us as of little consequence, perhaps because there is so 
much of it. This is not intended to imply that par- 
ticulate matter transcends in importance the effects of 
air, light, water, etc., on daily lives, but such matter 
does enhance those effects with results of inestimable 
value to man. 

The following pages stress the need for particular 
emphasis on the study of small particle behavior and 
characteristics. It is hardly possible to cover all these 
properties or even mention all their applications in 
modern technology, so in order to fix our ideas the ob- 
jectives of this discussion will be outlined briefly. Al- 
though the subject of small particle behavior is ad- 
mittedly not new, dealing with it in a systematic man- 
ner is a recent development. 

The first step is to give the range of particles con- 
sidered, since it is important to establish quantita- 
tively the limits of size involved in this discussion. 
Once such limits are determined, further elaboration or 
refinement of subject matter is easily accomplished. 
Next it would be logical to examine static assemblies or 


557 


arrangements of particles, both regular and irregular, 
of the same or different size composition. However, 
this is a difficult and involved problem which cannot 
be outlined in afew words. Instead, therefore, we shall 
discuss the physical and chemical properties of fine 
particles to show how they are affected by certain ar- 
rangements, as in the case of fluid flow through pack- 
ings, or the absorption of light by a cloud of dust. 

All this quite naturally includes the applications of 
fine particle technology to agriculture, industry, hy- 
draulics, and many other fields. Of course, we cannot 
hope to touch upon all the diverse phases, but a few 
will suffice to indicate the importance of the subject. 
Lastly, having shown the place of fine particle tech- 
nology in engineering progress, it will be very easy to 
outline a possible and plausible course of instruction 
in the subject which can readily be set up in colleges 
and universities. Small particle technology undoubt- 
edly deserves an important place in the curricula of 
several branches of engineering, since any research and 
further developments in this field will have far-reaching 
effects. 

The term ‘‘micromeritics,’’ meaning ‘‘science of small 
parts,”’ is well suited to the general field of fine particle 
technology. Although this word has been used in a 
limited way in geology, it is applicable to the entire 
gamut of particulate properties and is so used in this 
text. Specifically, the intention is not that it be ap- 
plied narrowly to particle measurement or to the physi- 
cal and chemical properties per se, but rather to the 
phenomena caused by or in any way entered into by fine 
material above the colloid range.! 


SIZE-RANGE CONSIDERED 


It is only natural to select some definite range of 
particle size coming within the meaning of fine par- 
ticles. Since this range is above that generally ac- 
cepted for colloids, its lower limit is thus readily ob- 
tained. The upper limit must be selected arbitrarily. 
If we agree that any small particle following Stokes’ 
law of falling bodies (with the Milliken-Cunningham 
correction factor applied) is colloidal in size, then, the 
lower boundary of fine particles must be that point 
where the particles just begin to obey Stokes’ law with- 
out the correction factor mentioned. However, the 
size-range covered by Stokes’ law extends only to par- 
ticles which are barely visible to the naked eye, and for 
practical reasons the range must be extended further 
to include sizes obeying Allen’s law, as well as up to and 





1 The general field encompassed by micromeritics has been 
dealt with fully in the author’s book ‘‘Micromeritics,” Pitman 
Publishing Corp., New York, 1943. The treatment of the sub- 
ject here given follows that given in the book. 








558 


including a portion of those obeying Newton’s law for 
falling bodies. The latter covers sizes well within the 
visible range—in fact, all matter beyond the range of 
Allen’s law. In order to fix the size of the largest par- 
ticle coming within the scope of micromeritics, it 
seems advisable to follow the procedure of soil physi- 
cists and set this limit at 2mm. However, the laws of 
behavior of particles 2 cm. in size are the same as those 
of 2 mm., except in the case of capillary phenomena; 
therefore, while the range of particle sizes considered 
is fixed by dynamic laws, only the lower bound can be 
considered definite. 

Fortunately, the upper bound need be no serious 
deterrent to further discussion; at the same time it 
must be clear that the lower bound will depend upon 
the mass of the particle and the medium in which it is 
contained. Hence, there will not be a single limit for 
all materials, as is the case with the upper bound. 
We could just as easily set the lower bound at, say, 
0.2 w and state that the range under discussion is 
from 0.2 » to 2000 uw. This is undoubtedly simpler, 
except that with certain substances one can never be 
quite sure whether particles of 0.2 to 0.5 u should not be 
regarded as colloids under certain conditions. Because 
of the peculiar behavior of the finest particles it 
seems best to limit their size purely on the basis of 
Stokes’ law. 

Thus far, in speaking of size the particles have been 
considered as spheres. Actually, particles are quite 
irregular and we must either adopt some convention as 
to the meaning of ‘‘size,’’ or else use some statistical 
measure. Whether we utilize Stokes’, Allen’s, or New- 
ton’s laws of falling bodies to determine diameter, the 
implication is that the diameter so obtained is that of a 
sphere of the same density as the particle in question. 
When it is possible to determine the volume or mass of a 
particle, the equivalent diameter in terms of a sphere is 
readily obtained. The statistical diameter referred 
to is generally used to determine the ‘‘average’’ size 
of a group of irregular particles, although it may also 
be used for single particles. Statistical diameters 
differ in one important respect from the two previously 
mentioned: Whereas the diameters determined from 
laws of falling bodies (or by mass or volume com- 
putation) are truly equivalent, statistical diameters 
are based on two-dimensional measures and assume 
that all possible orientations of a set of particles occur. 
This difference may seem of minor importance, but 
situations arise in practice when it can lead to serious 
difficulties. 

As a matter of fact, the methods of measuring par- 
ticle diameter are legion. We have mentioned only 
three, but it is easy to cite a dozen more, or conceive of 
others yet to be applied. The technique of particle- 
size measurement requires standardization, although 
almost any method is satisfactory so long as it is ap- 
plied uniformly and its limitations are well understood. 
The term “‘diameter,’’ when applied to particles in the 
following paragraphs, is used in a general sense—that is, 
merely to characterize the size in question. It must be 


, Soil mechanics 
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remembered that irregular particles possess definite 
volumes and surfaces, and these may be expressed as 
the cube or square of any previously agreed upon meas- 
ure of size. But to assign any definite parameter of 
size, as in the case of a regular geometrical figure, is 
inconceivable. These points are given to show a basic 
difficulty in the treatment of micromeritical problems. 


TABLE 1 
FIgeLDsS OF APPLICATION FOR MICROMERITICS 


Industries or fields of 


A pplication Particulars 


Relation of particle size and composition of soil 
to plant growth, soil moisture, ground water 
Design of absorption towers, heat exchangers, 
sand filters, crystal growth, sizing of com- 
pounds, solubilities, dust explosions, powdered 
fuel, flow of particulate material, etc. 

Ore crushing and milling, flotation, separation, 
sizing, blast furnace practice 

Classification of soils, soil characteristics in 
terms of particle size, soil moisture relation- 
ships, ground water, etc. 


Soil physics 


Chemical engineering 


Mining and ore bene- 
faction 


Hydrology Water-holding capacity of soils, silting of 
streams, erosion 
Ceramics Sizing of ceramic material, relation of strength of 


product to particle size, product control 

Size for maximum strength, heat generated on 
wetting, product control 

Size and shape characteristics in relation to abra- 
sive and cleansing properties 

Conveying and separation of particles by fluids, 
packaging (bulk properties), granulation 

Control, effect on man 


Cement, concrete, and 
mortars 

Abrasives and cleansers 

Process engineering 


Smoke and industrial 


pollution 
Foods Taste control, product uniformity 
Pigments Color, covering power 


Powder metallurgy Alloys, strength, bearing properties, etc. 

Thus, the following lemma may be drawn with re- 
gard to the limits of size-range as given, namely: Meth- 
ods of particle-size measurement other than those de- 
pendent upon application of dynamic laws are subject 
to arbitrary considerations peculiar to the technique 
used. 


PROPERTIES AND APPLICATIONS 


Some concept of the extensive application of micro- 
meritics is shown in Table 1. Only a few of 
the more important applications are given, but 
it is evident that the scope of this subject is very broad. 
If we consider particle size alone—which is the basis of 
micromeritics—many industries using finely ground 
materials are involved. One of the foremost problems 
of micromeritics lies in the standardization of methods 
for measuring the size of materials and their frequency 
distributions. Once this is done, the fields encompassed 
by this science will be greatly increased in number and 
extent. 

In many respects fine particles exhibit the properties 
of fluids. Perhaps no better description of this re- 
semblance can be given than that written by Geoffrey 
Martin (1928) some years ago: 


“There is a close resemblance in many ways between powders 
and liquids. Thus very fine powders will pour like liquids 
through pipes. Dropping a stone into a tank of very fine silica 
dust will cause the production of ripples just as if the tank held 
water. Powders can be distilled in a current of air just like 
liquids. A mixture of powders can thus be separated into simple 
ones, just as a mixture of different liquids can be dissolved into 
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simple ones by fractional distillation. Homogeneous powders 
resemble homogeneous (or chemically pure) liquids. 

“Thus a fixed volume of air passing at a fixed speed through a 
homogeneous powder will carry over or evaporate the powder 
at a fixed rate, just as a liquid at a fixed temperature will evapo- 
rate at a constant rate. The same volume of air will always 
carry with it the same weight of powder (7. e., be saturated with 
it) when passed at the same speed. The higher the speed of 
the air, the larger the weight of powder carried. When the speed 
of the air reaches a certain critical limit the powder will lift and 
pass over as a whole with the air, thus becoming miscible with 
it in all proportions, exactly as a liquid will boil at a critical tem- 
perature, known as its boiling point. Thus the phenomenon of 
boiling and evaporation in liquids is exactly simulated by pow- 
ders, the speed of the air passing through the powder playing the 
same part as the temperature to which the liquid is subjected.’’? 


The above quotation applies to fine, homogeneous par- 
ticles. But fine particles also exhibit other peculiarities 
bearing no resemblance to fluid. Martin’s description 
is valuable because it reveals a similarity to fluids not 
often suspected. 

Fine particles participate in so many natural phenom- 
ena that it is impossible to give them more than pass- 
ing mention here. For example, to cite the properties 
of soils composed of fine particles would take many 
volumes, yet this is a natural starting point for em- 
phasizing those features of micromeritics which have 
so much influence on our existence. 

Consider a handful of earth. In it are unnumbered 
millions of particles ranging in size from the minutest 
colloid to others as large as 2 cm. The gradation or 
size-frequency distribution is not uniform, but this 
need not trouble us. The composition of this handful 
of earth ig roughly as follows: silica, alumina, lime, 
organic matter, moisture, and traces of many minerals. 
Now the very fine alumina is clay of a kind that may be 
used for making bricks or coarse ceramic, or combined 
with silica and lime it may be used to make cement. 
The organic material may or may not be particulate, 
its general function being to furnish food for plant 
growth. Moisture serves a similar purpose, although 
it may also have the more obvious effect of binding the 
particles together. There are other important func- 
tions of moisture, but these will be discussed later. 
All this comprises physical data which require no fur- 
ther elaboration, so let us now consider the aggregate of 
these particles and their capabilities. 

Clearly, single particles contribute little; together 
they establish characteristics deserving close attention, 
primarily because the particles are for the most part 
loosely bound. Plant roots pass through the matrix 
of interstices in quest of moisture and food. The 
growth of these roots causes the soil to expand, thus 
loosening it and making it more receptive to moisture. 
If the soil particles were all large the interstices would 
not permit retention of moisture and plants would not 
thrive. Fortunately, in cultivable land there is a high 
percentage of fines, actually making plant growth pos- 
sible. Winding through their interstices are millions 
of small capillary-like paths extending in all directions, 


2 Martin, “A Treatise on Chemical Engineering,’ Crosby, 
Lockwood and Son, London, 1928. 
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penetrating far down into the soil to the lower portions 
completely saturated with water. Then, just as an 
ordinary capillary tube when immersed in water causes 
the water to rise above the water level, so these minute 
capillaries of the soil “draw” the moisture up from one 
stage to another until it reaches the soil surface. 

Most of us are familiar only with the vertical rise of 
liquids in capillaries. But in soils, where the ramifica- 
tions of minute pore-spaces extend in every direction, 
we may have horizontal and oblique as well as vertical 
movements of water. Thus, the familiar irrigation 
ditch utilizes an important soil property to move water 
horizontally. Without this property the semiarid re- 
gions of the West could not have been brought under 
cultivation. All this is due to the aggregation of small 
particles, and in itself isremarkable. But this moisture 
which we have discussed is spread over a tremendous 
surface—the surface of each and every particle. The 
amount of surface is unbelievably great: Suppose one 
cubic centimeter of the soil is regarded as an imperme- 
able solid. Its surface area then will be 6sq.cm. Now 
cut the cube in half and the surface becomes 8 sq. cm. 
If it is quartered it becomes 12 sq. cm. Proceeding in 
the same way until the cube is cut into 1,000,000 cubes, 
each of whose sides is 0.01 cm., we obtain a surface of 
600 sq.m. Thus, as the size of the particles is reduced 
the aggregate surface increases. This large surface in 
contact with water increases the amount of material dis- 
solved, practically in proportion to the amount of sur- 
face touched. In this way mineral food is brought into 
contact with the roots and absorbed, the rich mineral 
content of the plants then being passed on to man and 
all animal life. 

Little thought is given the fact that soil is a living 
entity which breathes and functions very much as any 
plant or animal. It also grows and decays. This is 
not said merely in an animistic vein of thought; it can 
readily be proved. The ever-changing pressure of the 
atmosphere causes air to move upward or downward 
through the soil. It brings oxygen to help-digest the 
organic material and combine chemically with the in- 
organic to form new and more stable products. In 
turn, carbon dioxide is diffused throughout to feed the 
plants or escape into the atmosphere, and at the same 
time moisture is forced to move about. Just how much 
climate itself is dependent upon this escaping moisture 
plus the heat retentiveness of the soil cannot be over- 
emphasized. Within the complete analysis of soil 
behavior and its component fine particles may lie the 
true cause of droughts and creation of deserts. 

One other item which may be regarded as coming 
within the scope of soil physics is ground water. Be- 
neath the surface of the soil is a vast reservoir of water 
which gradually finds its way to the surface, the amount 
being dependent to some extent on the distance from 
the saturation region to the surface. During rains and 
melting snows the saturation level rises, and during 
droughts it falls. The constant drain of ground water 
for irrigation or public water supplies in many instances 
may radically reduce the supply to such an extent that 
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rainfall is insufficient to maintain normal levels. In- 
deed, it is not unusual to have ground water levels re- 
ceding in depth from the surface, and as a result the 
capillary phenomena bringing water to the surface may 
disappear entirely. When this takes place we have the 
beginning of a ‘‘dust bowl,” so often attributed to 
lack of rainfall. 

It is little realized that rain falling on a dry soil (or 
aggregate of particles) generates heat. This is a mani- 
festation of surface energy, and obviously its effect on 
seed germination as well as plant growth is of tre- 
mendous importance. The fact that water added to 
fine particles produces heat regardless of whether or 
not they are chemically active is therefore of great con- 
sequence. 

If we inquire into the peculiar properties of small par- 
ticles to hold and distribute moisture, we encounter a 
most complex problem since the nature of the open 
areas or pores is difficult to understand. However, it is 
easily measured and it can be shown that for loosely 
compacted soils it is never less than 26 per cent of the 
volume occupied by the particles. If pressure is ap- 
plied, as in strata at great depths from the surface, this 
may decrease to as low as 5 per cent, which is precisely 
the case in oil sands. Thus,-if the extent of a well can 
be measured and the pressure within the stratum deter- 
mined, no great amount of labor is involved in esti- 
mating both rate of yield and amount of oil available. 

The properties of soils, but briefly outlined here, have 
been applied by engineers in construction of roads, 
earth-dams, and large structures on pervious ground. 
In fact, some of these properties are so highly special- 
ized that a new branch of engineering has developed 
during recent years, namely, ‘‘Soil Mechanics.”’ This 
engineering branch deals with foundation work and the 
loads capable of being supported by soils of different 
composition. There can be no question of the fact 
that this subject today comprises the most compre- 
hensive experimental data available on the behavior 
of packings. Basically, however, these aspects of soil 
mechanics are but a part of micromeritics, depending 
actually on the properties of small particles in the 
aggregate. 

Thus far we have considered the handful of earth 
under discussion as rather closely compacted. Ina dry 
dispersed state it possesses many other properties. 
When scattered in air, for example, the finest particles 
remain suspended for long periods of time and are 
analogous to dust. Hence we may expect that they will 
be subject to the action of electric charges and sound 
waves, and will affect the transmission of light and heat 
waves. 

As a matter of fact, dispersion of fine particles by 
any means creates an electric charge upon them. This 
effect is observable in desert sand storms and can 
actually be measured in many other instances. The 
nature of the charge taken by the particles is still 
subject to a great deal of controversy, but if any ques- 
tion of its importance arises we need only cite innumer- 
able disasters which have occurred in flour mills and 
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elevators, sugar factories, and coal mines. The dis- 
charge of such particles ignited dust clouds and caused 
terrific explosions with the resulting loss of life and 
property. The action of dusts, apart from electrical 
properties, will be discussed later. 

The electric charge taken by particles undoubtedly 
enters into coagulation phenomena. In industry the 
fact that particles may be charged in different ways is 
used for separating various components of hetero- 
geneous materials. 

The effect of dispersed particles in light transmis- 
sion is easily observed, and little additional comment 
is needed. However, few are aware that the blue of the 
sky and the red at dawn and sunset are actually due to 
the presence of extremely fine particles suspended 
in the upper atmosphere. The polarizing action of 
small particles has barely been appreciated, and should 
have many practical applications when better under- 
stood. As to the effect of particles in suspension on 
heat transmission, we may recall the use of smudge pots 
in fruit orchards to blanket them in order to withstand 
cold and frost. 

The smallest particles, from 0.05 u to 5 y, are affected 
by intense sound waves. Those of us who have studied 
elementary physics are familiar with the Kundt experi- 
ment for determining the nodes of standing sound waves 
in tubes. However, when the material is dispersed 
(that is, completely suspended in the air column), 
the particles quickly coalesce and dry out. The poten- 
tialities of this phenomena have hardly been ex- 
plored, and yet it presents many interesting applica- 
tions. 

Two other properties of small particles when dis- 
persed may be mentioned. The first of these concerns 
suspensions of different gravities. The fact that sus- 
pensions of any specific gravity up to almost seven 
times that of water are possible, constitutes a special 
attribute of small particles. When agitated such 
suspensions can literally be made to float stone. This 
property is utilized in the separation of slate from coal 
and in concentrating ores. In the latter case the ores 
must be crushed to such a size that a sharp separation 
is possible. Large particles containing ore and im- 
purities together are difficult to sort. 

The second noteworthy property of fine suspensions 
may be termed physiological. Workers exposed daily 
to heavy concentrations of mineral dusts, especially 
silica, are known to develop serious lung impairment. 
The action of dust on the lung leads to formation of 
fibrotic tissue, reducing the effectiveness of the organ 
and shortening the normal span of life. 

It has not been possible to elaborate on the proper- 
ties mentioned so far, nor to add numerous others of 
almost equal importance, since space is limited. How- 
ever, it must be apparent that small particles play an 
important role in our daily lives, and are a subject of 
special interest. 


COURSES OF INSTRUCTION 
The tabular arrangement in Table 1, giving the 
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applications of micromeritics, naturally suggests that 
it has a place in university curricula. In considering 
such a course there are certain questions to be answered: 
(a) is a course of study useful; (>) in what fields should 
it be included; and (c) what should such a course 
comprise? 

With regard to the usefulness of micromeritics little 
need be added to what has been presented. It is defi- 
nitely valuable, since it covers the characteristics and 
behavior of small particles and thus explains phenom- 
ena peculiar to them. Moreover, any attempt to 
develop a systematic approach to the subject will in 
the long run add much to our knowledge of the uses for 
fine particles. It is clear that unless such procedures 
are taken, progress will be hit or miss. Even at this 
time definite recognition is not lacking in regard to the 
importance of standardized procedures. The Ameri- 
can Society for Testing Materials realized the neces- 
sity of standardizing methods for testing fine particle 
characteristics. But there will be only limited prog- 
ress unless more universal knowledge of these methods 
and their underlying theories are available. 

The second and third questions posed must neces- 
sarily be answered together, since the fields of applica- 
tion more or less determine the scope of the course 
given. In general, as may be seen from the table of 
applications, there are certain fundamental require- 
ments which apply to almost every field of endeavor 
outlined, as follows: methods of particle-size measure- 
ment, size distribution, grading of materials, char- 
acteristics of packings, and physical, chemical, and 
thermodynamic properties. These may be regarded 
as the foundations on which further specialization can 
be constructed. For the moment it supplies the tools 
needed for any field of study engaged in. 

Micromeritics is very properly within the scope of 
engineering—chemical, civil, mechanical, agricultural, 
ceramic, mining, and industrial. A basic course, as al- 
ready suggested, would be identical for each of these 
fields, and a complete course suitable for students in 
such branches of engineering is presented herewith. 
Included is the estimated number of hours required, the 
entire course taking one semester. 

The course in micromeritics, as outlined in Table 2, 
is intended for juniors or seniors. The most difficult 
phase probably pertains to analysis of frequency dis- 
tributions. Fortunately, the necessary mathematics 
involved is simple and well within the grasp of any 
student with elementary training in differential and 
integral calculus. A valuable aspect of treating size 
frequency distributions, entirely apart from their 
applications to micromeritics, is that it gives the 
student valuable knowledge of many practical theories of 
statistics. The laboratory exercises listed further en- 
hance and accelerate an understanding of sampling pro- 
cedures and product control which are invaluable en- 
gineering tools today. 

Specifically, the prerequisites for a course in micro- 
meritics are as follows: elementary physics, dif- 
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ferential and integral calculus, dynamics, physical 
chemistry, and chemical engineering. An advanced 
course in this subject, dealing with special industrial 
applications such as ceramics, cement manufacture, 
pigment technology, conveying, etc., is easily developed 
upon the foundation given. In fact, in each of these 
specialized engineering fields there is sufficient mate- 
rial available to add another semester’s work. 

Finally, I shall attempt to answer another ques- 
tion which might be uppermost in the mind of the 
teaching profession, viz.: Is a course in micromeritics 
worth while adding to engineering curricula? This can 


TABLE 2 


SUGGESTED COURSE AND Hours OF INSTRUCTION IN MICROMERITICS 
(One Semester) 


Lecture Hours Laboratory Sessions 
Ballistics or dynamics 
of particles in fluids 5 mere 
Measures of particle Particle size measure- 
diameter 8) meas 2 
Statistics of size distri- 
bution 5 Curve fitting 1 
Sieving and grading of Grading of materials 1 
materials 3 
Packing characteristics 4 Determination of voids 1 
Electrical, optical, and Experiments on elec- 
sonic properties 3 trical, optical, and 
sonic properties 2 
Thermodynamic prop- Measurement of heat 
erties 2 flow, heat of wetting, 
adsorption 2 
Chemical properties 2 Determination of solu- 
bility, dust explo- 
sions 1 
Flow through packings 3 Experiments on flow 
through packings 1 
Infiltration and capil- Experiments on infil- 
larity 3 tration and capillar- 
ity 1 
Particle surface 3 Determination of parti- 
cle surface 1 
Muds and slurries 4 Determination of sus- 
pension density 2 
Transport of particles 3 Experiments on trans- 
port 1 
48 16 


be answered positively for those engineering fields al- 
ready discussed. Not only does such a course reach 
the very basis of many natural phenomena and ex- 
plain them, but it helps broaden the student by giving 
him valuable training of great assistance in obtaining 
employment. 

There can be no question but that the technology of 
fine particles has barely been touched upon and many 
excellent opportunities are forthcoming. Many in- 
dustries today appreciate the importance of particle 
size in the products they manufacture. The outmoded 
techniques used are certain to be replaced. Sieve 
products will no longer be accepted as uniform from 
batch to batch, but will require standardization by 
refined techniques available to those trained in micro- 
meritics. There are also the benefits which will ac- 
crue to other sciences with the development of micro- 
meritics into organized study and research. It is in- 
deed a branch of engineering science which offers many 
opportunities, particularly since it is new and its hori- 
zons unlimited. 
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ing. Science teachers have been eager to modify in- 
struction to meet the emergency. There have been 
differences of opinion as to the modifications needed. 
As a result, there has been an undesirable amount of 
confusion and complacency. This condition is un- 
fortunate and much of it has been the result of hearing 
and reading about segments of the science needs. 
Only recently have leaders in the various organizations 
of science teachers had the opportunity to see the entire 
area of needs and to assist in meeting these needs. 
Several leaders from organizations involving biology 
teachers were called to Washington, D. C., in May for a 
meeting relating to health education. These persons re- 
turned for a work period in June. Similarly, a group of 
leaders from among organizations of physical science 
teachers participated in a work period in Washington, 
D. C., during the third week of July. At each of these 
meetings plans for further cooperation were discussed 
with eagerness and concern. The leaders from among 
the five organizations involving biological science 
teachers prepared a series of proposals which they 
adopted as a statement of their ideas. The leaders from 
the organizations involving the physical science teachers 
studied these proposals and likewise adopted the state- 
ments as an expression of their ideas. Thus, the state- 
ments given below have been adopted by leaders from 
among eight organizations of science teachers. This 
statement of proposals is being printed in all the maga- 
zines of these organizations, and the judgments of all 
members are desired. Kindly communicate your ideas 
regarding these proposals and how they may be car- 
ried out to the executive officer of any one of the follow- 
ing organizations. 


... WAR has focused attention on science teach- 


National Association of Biology Teachers 
M. A. Russell, President 
483 California Avenue 
Royal Oak, Michigan 

American Science Teachers Association 
Morris Meister, President 
184th Street and Creston Avenue 
New York, New York 

American Council of Science Teachers 
Norman Jones, President 
5073a Nardel (9) 
St. Louis, Missouri 

Duquesne University Conference for Teachers of Science in 

Catholic High Schools 

Hugh C. Muldoon, President 
Duquesne University 
Pittsburgh, Pennsylvania 


Central Association of Science and Mathematics Teachers 
George W. Peterson, President 
North High School 
Sheboygan, Wisconsin 
The American Nature Study Society 
George J. Free, President 
Pennsylvania State College 
State College, Pennsylvania . 
The American Association of Physics Teachers 
Lloyd W. Taylor, President 
Oberlin College 
Oberlin, Ohio 
The Division of Chemical Education, A. C. S. 
B. S. Hopkins 
Chairman, High School Chemistry Committee 
University of Illinois 
Urbana, Illinois 
The Federation of Science Teachers of New York City 
Maurice Ames, President 
110 Livingston Street 
Brooklyn, New York 
Association of Science Teachers of the Middle States 
Reuben Shaw 
Chairman of Special Committee 
Northeast High School 
Philadelphia, Pennsylvania 
National Association for Research in Science Teaching 
Hanor A. Webb, President 
George Peabody College for Teachers 
Nashville, Tennessee 
National Council on Elementary Science 
Florence Billig 
Wayne University 
Detroit, Michigan 
New England Association of Chemistry Teachers 
Theodore M. Sargent, President 
Swampscott High School 
Swampscott, Massachusetts 


ASSUMPTIONS 


I. “We have one great task before us. That is to 
win the war. At the same time it is perfectly clear that 
it will be futile to win the war unless during its winning 
we lay the foundation for the kind of peace and re- 
adjustment that will guarantee the preservation of 
those aspects of American life for which the war is 
fought.” 

In this statement to the Association of American 
Colleges, President Roosevelt defines the dual function 
of the Nation’s efforts in the war. The implications for 
American education are clear. 

The science teacher’s responsibility in this dual role 
is exceptionally large. First, he recognizes the impor- 
tance of his field in the successful prosecution of this 
technological war, for he realizes that the training he 
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provides in essential fields may ultimately play a large 
part in winning the war. Second, the science teacher is 
increasingly accepting responsibility in helping to pro- 
vide an infozmed public opinion on the problems lead- 
ing up to the war and the task of advancing the causes 
of freedom and security in the postwar world. 

II. The nature of the war emergency and the peace 
problems which we will face demands a rethinking and 
continuous evaluation of science teaching. This is a 
technological war. It is being fought in laboratories, on 
testing grounds and production lines, as well as on 
fighting fronts. An early, successful, and conclusive 
termination of the war depends largely upon the extent 
to which specialized implements of war can be designed 
and produced by the allied nations and thrown into 
battle by trained allied manpower. From drafting 
boards to front line action, this war is being fought by 
specialists. The great majority of men inducted into 
the Army today are assigned to duties requiring spe- 
cialized training. Practical and functional knowledges 
and skills in science are fundamental to this training, as 
they are in almost every essential service to the Nation 
at War. 

The problem of the preinduction training best de- 
signed to fit young men for armed duties is complex. 
The answers to the problem have been more or less ob- 
scure, and in some cases ambiguous. They can never 
be final or clothed in ultimate detail. But clarification 
of the answer is possible, and the need for it is urgent. 
It can finally be made only by the teachers on whose 
shoulders rest the responsibility for effective training. 

Similarly the successful attack by science teaching on 
the many persistent personal problems faced by young 
people and the social problems amenable to scientific 
treatment depends upon the critical analysis and 
leadership given by science teachers. This analysis and 
leadership must immediately be increased. 


RESOLUTIONS 


I. The present problems of science teaching are 
sufficiently important and urgent to merit the con- 
certed attention of all leaders among science teachers. 
The national, regional, and metropolitan science teacher 
associations should, therefore, cooperate as fully as 
possible in attacks on wartime problems of science 
teaching. As an effective means of attack on these 
problems, it is recommended that a wartime council be 
formed with representatives from all active organiza- 
tions of science teachers. 

II. Many, and sometimes contradictory, reports 
have been made on the needs of the armed forces for pre- 
induction training in the area of science. The repre- 
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sentatives on the wartime council should cooperatively 
and critically explore the needs of the armed forces, and 
should prepare such reports and other materials as may 
be needed for the effective meeting of military man- 
power needs through preinduction training. 

III. Nonmilitary wartime needs should be ex- 
plored through contacts with governmental and civilian 
agencies. Proposals and other materials should be pre- 
pared to help in the meeting of these needs through 
science instruction. 

IV. There are real dangers that purely wartime 
training needs may unnecessarily de-emphasize long- 
range goals of science teaching. These goals should be 
analyzed realistically and with intellectual honesty so 
that science education may make its fullest contribution 
to the personal and social problems of our young people 
and of society. It is assumed that many areas to which 
science education can contribute with peculiar effec- 
tiveness have not been attacked by science teachers with 
sufficient directness. Among these are problems of 
health, conservation, accident prevention, production 
and distribution for the needs of a democratic people, 
support of research, consumer education, and co- 
operation with other cultural groups for world stability. 

V. The problems of scope and sequence in science 
education, and the problems of improving instruction 
through increasingly valid teaching techniques are of 
special importance to science education in a nation at 
war. They should be evaluated assuch. Once goals are 
validated, recommendations of time allotment, neces- 
sary material facilities, and sound teaching procedures 
may, and should be, prepared by the cooperating organi- 
zations. 

VI. Industry and the armed forces have drained the 
schools of competent teaching personnel to the point 
that the schools now face a critical manpower problem. 
The problem of staffing our schools for sound science 
instruction should receive the immediate attention of 
science teachers. The problems of in-service education 
and conversion of teachers from other fields demand 
immediate analysis and action. 

VII. The associations should investigate ways by 
which science teachers may be encouraged to remain at 
their posts rather than leave for other service. 

VIII. Upon the basis of the above considerations, a 
wartime platform of science teaching should be de- 
veloped, published, and released to the educators of the 
Country. This should be based upon careful analysis of 
all problems addressed, but must be done expeditiously 
for effectiveness in offering leadership. It is recom- 
mended that such a publication be released to the 
schools not later than the fall of 1943. 


May his rest be long and placid; he added water to the acid. 
Another guy did what he oughter—added acid to the water. 





Vapor Detector Tubes and Detector Kit 
for Some Chemical Agents Used in Gas Warfare 
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URING an effort to assemble a convenient and 
compact chemical kit for field use by gas recon- 

naissance agents it was found that the available tests 
for chemical agents required a rather cumbersome 
array of miscellaneous equipment. To reduce the bulk 
of the detection equipment which had to be carried by 
the reconnaissance agent, efforts were directed toward 
the simplification of already existing chemical tests. 
The M-4 HS Vapor Detection Kit of the Chemical 
Warfare Service, U. S. Army, was taken as the out- 
standing example of compactness. With this in mind, 
other detector tubes were devised. They were prepared 
from glass tubing of 2-mm. internal diameter cut 3 to 4 
cm. in length. Tubing of larger diameter may be used. 

The following types of tubes were prepared: (A) con- 
taining a 1- to 2-cm. column of silica gel! held in place 
by small tufts of absorbent cotton; (B) containing a 1- 
to 2-cm. column of a 50-50 mixture of silica gel and 20- 
mesh arsenic-free zinc. 

The kit was equipped with the following reagents: 


(1) Sodium alcoholate: To 95 per cent ethyl alcohol add as 
much 8 per cent sodium amalgam as will react with it 
in 24hours. Filter. 

Sulfanilamide reagent: Sulfanilamide, 0.2 gm.; JN-(1- 
naphthyl)-ethylenediamine dihydrochloride, 0.2 gm.; 
concentrated hydrochloric acid, 20 cc. Filter. 

(3) Dimethylaniline. 

(4) Diphenylamine: 10 per cent solution in alcohol. 

(5) Dimethylaminobenzaldehyde: Pfanstiehl, 10 per cent 

solution in alcohol. 

(6) Mercuric bromide: Saturated water solution. 

(7) Hydrochloric acid: Concentrated. 

(8) Sodium or potassium hydroxide: 15 to 20 per cent. 

(9) Ilosvay reagent.” 

(10) Stannous chloride: 10 gm. in 25cc. of concentrated hy- 

drochloric acid. 


i] 


The principles of the reactions used here were by no 
means original but rather were taken from several 
sources.” *»4 The several color reactions, however, 
were carried out after the chemical agents had been 
adsorbed on the silica gel in the small detector tubes. 


' Kindly furnished by the Davison Chemical Corporation, 
Baltimore, Maryland. 

2 “Syllabus of Laboratory Experiments,’’ War Department 
Civilian Protection School, Amherst College, Amherst, Massa- 
chusetts. Also, CLAFLIN AND HIcKeEy, “Chemical identification 
of war gases,” J. CHEM. Epuc., 20, 351-7 (1943). 

8 Jacoss, ‘‘War Gases,’’ Interscience Publishers, Inc., New 
York, 1942, pp. 123-4. 

* TREADWELL AND HALL, ‘“‘Analytical Chemistry,” John Wiley 
and Sons, Inc., New York, 1937, Vol. I, p. 147. 


The following procedures were used for the several 
chemical agents: 

Chlorpicrin: This agent, adsorbed on silica gel of a 
type A tube, gave a deep orange color upon the addition 
of a drop of dimethylaniline. 

The following confirmatory test was used: Sodium 
alcoholate was added to another silica gel tube holding 
chlorpicrin, and the tube was heated over a burning 
match. The addition of the sulfanilamide reagent pro- 
duced a bright purple color. The principle of this re- 
action was used by Jacobs* in his modification of the 
Griess-Ilosvay reaction. 

This nitrite test may be carried out in a special de- 
tector tube containing silica gel, sulfanilamide powder, 
and N-(1-naphthyl)-ethylenediamine dihydrochloride 
(solid) separated from each other by small tufts of ab- 
sorbent cotton. Contaminated air was aspirated 
through the tube. A drop or two of sodium alcoholate 
was added to the silica gel column which was then 
heated over a burning match. Several drops of con- 
centrated hydrochloric acid were then added to the 
silica gel in such a way as to flow through the entire 
tube to the portion containing the sulfonamide and the 
substituted diamine. In the presence of chlorpicrin a 
bright purple color developed. 

Phosgene: To a type A tube containing phosgene on 
silica gel were added successively a drop of dipheny]l- 
amine and a drop of dimethylaminobenzaldehyde. An 
orange color developed. This was a modified use of 
Harrison’s reagent? which was found to be unstable. 

This same reaction may also be carried out in a 
special detector tube containing silica gel, diphenyl- 
amine, and dimethylaminobenzaldehyde separated 
from each other by absorbent cotton. Only small 
amounts of these reagents needed to be used. The 
contaminated air was aspirated through the tube, then 
several drops of alcohol were allowed to run through 
the entire length of the tube. An orange color de- 
veloped. 

Still another form of this test has some merit. Strips 
of filter paper were impregnated with dimethylamino- 
benzaldehyde. When exposed to phosgene, a pale 
gréen color developed which upon the addition of di- 
phenylamine turned bright orange. 

Lewisite: After aspiration through a type A tube, a 
drop of strong alkali and a drop or two of Ilosvay 
reagent were added and the tube was heated over a 
burning match. A red color developed. Blue or 
yellow coloration may result from side reactions and 
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must be considered negative, since they appear even in 
blank tests. 

When Lewisite was aspirated through a type B tube, 
a form of the Gutzeit reaction for arsenic became pos- 
sible. One of the cotton plugs was moistened with a 
drop of mercuric bromide, while through the other end 
of the tube concentrated hydrochloric acid was intro- 
duced in sufficient quantity to react with the zinc 
packed among the granules of silica gel. A brown stain 
developed in the cotton plug moistened with mercuric 
bromide. 

Another way of testing for the arsenic in Lewisite 
was to aspirate the contaminated air through a type A 
tube and convert the arsenic into sodium arsenite with 
a drop of strong alkali and heat (burning match). This 
was neutralized with a drop of concentrated acid. 
Upon the addition of stannous chloride metallic arsenic 
was formed (Bettendorf reaction‘). 

The tests described here were tried on mustard, 
Lewisite, chlorpicrin, phosgene, benzene, acetone, ethyl 
alcohol, and ammonia and were found to be specific 
with the exception of the phosgene test, which was also 
given by Lewisite. Furthermore the silica gel used here 
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gave a slight reaction (pale yellow) with diphenylamine 
and dimethylaminobenzaldehyde. 

Mustard: The kit was equipped with the HS De- 
tector Tubes of the M-4 kit as supplied through the 
O.C.D. Alkali and matches were already part of the 
equipment. 

In addition to the detector tubes and reagent drop- 
ping bottles the kit also contained: several sheets of 
vesicant detector paper (M-6) and vesicant detector 
crayon (M-7) developed by the Chemical Warfare 
Service; several sheets of vesicant detector paper de- 
veloped by the Warren Paper Company’; several 
strips of plain filter paper for carrying out some of the 
above color reactions in the form of spot tests; a rub- 
ber pressure bulb to aspirate contaminated air through 
the detector tubes; tubes (made from damaged pi- 
pettes) charged with silica gel or charcoal for the collec- 
tion of non-persistent agents for laboratory analysis; 
wide tubes (cutting in half the bulbs of damaged 
pipettes) charged with absorbent cotton for the collec- 
tion of smokes; and a box of matches. The dimensions 
of the complete kit were 4” XK 41/4” X 61/2”. 


5S. D. Warren Company, Boston, Massachusetts. 





Whats Been Going On 


Visible Strain 


THE DIVERSE responses of a flowing fluid to variously 

shaped obstacles such as a boat hull or a heating pipe form 
a fascinating study, but not a very exact one unless the directions 
of flow can be made visible. A new method of doing this, de- 
veloped during recent years at the Massachusetts Institute 
of Technology, promises a real advance in this branch of hydro- 
dynamics. The method is analogous to that wherein engineers 
use polarized light, produced with optical equipment similar to 
that in ‘Polaroid’? non-glare sun glasses, to render visible the 
strains in plastic models of solid structures, such as gears. When 
stressed, the plastic model deforms slightly, and in so doing, bends 
and twists the polarized light passing through it so that bands 
and splotches of color show up at the points of strain. In the 
analysis of fluid flow a suspension of bentonite (a clay found 
abundantly in the West) in the fluid serves to modify the polar- 
ized light shining through the transparent walls of the experi- 
mental channel, just as the plastic modifies light in analysis of 
strains in solids. 

The bentonite particles consist of platelets so‘small that there 
is no tendency to settle out of the suspension and so light that 
they move exactly where the fluid takes them, showing sub- 
stantially no inertia of their own. These physical factors, as 
well as its optical properties, make bentonite superior to other 
substances used to follow fluid flow, such as ink streams, smoke 
trails in gases, or fine bubbles; for these latter materials cannot 
follow the paths of fine eddy motion encountered when stream- 
line flow is broken up. The bentonite for the first time permits 
quantitative measurement of velocity change and other factors 
within the field. 


\ 

“ Solid plastic models examined with polarized light show in- 
finitely varied colored patterns when subjected to pressure or 
tension. A line of a given color connects points where the strain 
is equal; from this the analyst can determine where the strains 
are concentrated and the model can be redesigned to put strength 
where it is needed and eliminate it where it is not needed. Simi- 
larly in analysis of fluids the bentonite so modiftes the light 
passing through the stream that colored bands or ‘“‘fringes’’ show 
up, connecting points where a particular rate of change in the 
speed of the fluid prevails. Use of improved photographic tech- 
niques, including high-speed photography, has enabled observa- 
tion of highly turbulent as well as more nearly streamline flow 
by this method. 

The method can be used either qualitatively to observe how a 
moving or stationary object of particular shape affects the flow, 
or quantitatively:-to calculate necessary engineering data. 
Analysis of fluid flow is important not only in such obvious ap- 
plications as design of boat hulls and bridge piers but also in 
many chemical engineering problems such as the distribution of 
fluids in a reaction vessel. It is even possible by polarization 
analysis of fluid flow to calculate the rate at which heat will be 
transferred from a solid to a liquid. 

Within limits, the information obtained with liquid flow is ap- 
plicable to gases, so that the method becomes useful in aviation 
and many other fields. Although there has been time for only a 
few applications of polarization analysis of fluid flow, one of these 
is providing graphic demonstrations for training aviators in flight 
theory. Another application has served to change the design of 
fireboxes in the locomotives of a western railroad.—Jndustrial 
Bulletin of Arthur D. Little, Inc. 
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T THE present time the subject of burns is in a 
A state of flux. Experience of the British, stimu- 
ated by the war efforts, has indicated that no one 
form of treatment has been accepted as a solution of 
the problems presented by the burned patient. 

Even before the war began in this country, burns 
assumed a leading role in diseases. In 1940 they killed 
more people in this country than were killed by bombs 
in England during the same year. According to figures 
published by the National Safety Council in 1941, burns 
killed 23 per cent of all children dying of accidental 
death under the age of five. From five to fifteen, burns 
killed 12 per cent of those dying violent deaths, and 
from fifteen years on, burns took a toll of 6 per cent of 
all of the accidental deaths occurring in this country. 
In 1941 we had over 1000 children scalded to death, and 
we do not know how many more were scalded and lived, 
since the mortality figures do not include those that 
lived. It is thus evident that, even in peace times, 
burns take a tremendous toll of life. 

Boston and the surrounding suburbs are composed 
of frame buildings. Even a token bombing or a fairly 
small piece of sabotage could set most of Boston on fire, 
and if that did happen, the problem of burns would 
assume major importance immediately. Three years 
ago there occurred in a Charlestown freight yard a fire 
that did not involve human life. It took every available 
piece of Boston fire apparatus and the spare apparatus 
of 21 surrounding towns to combat the fire. In Eng- 
land, during the height of the blitz, London had 79 
fires in one night, all of them bigger than the Charles- 
town fire. This is an example of how helpless we would 
be if we did have a bombing in or around Boston. 

Visits to clinics and hospitals throughout the coun- 
try would disclose that burns average a mortality some- 
where between 35 and 45 per cent. It is thus evident 
that burns not only occur frequently, but that when 
they do occur they produce a tremendous number of 
deaths. It is further evident that we have not yet the 
answer to all of the problems of treatment. At the 
present time there are four so-called modern forms of 
treatment. 





1 Abstract of an address given at the 222nd meeting of the 
N.E.A.C.T. at Tufts College, Medford, Massachusetts, May 15, 
19438 


The tannic acid treatment was brought out in 1925 
by Davidson of Detroit, although he was antedated by 
other persons. In 1895 an anonymous writer in the 
Pittsburgh Medical Gazette advocated the use of a 5 per 
cent solution of tannic acid, but the suggestion did not 
gain acceptance and was soon forgotten. In 300 a.p. 
the Greek peasants treated burns with black ink, made 
by boiling nut shells and bark containing tannic acid. 
Hippocrates, the father of medicine, about 200 B.c. 
left us four prescriptions for burns; three were for 
some form of oil or fat, but the fourth was made from 
white wine and an extract of ilex, a holly tree that con- 
tains much tannic acid. So Hippocrates himself was 
using the tannic acid treatment. Even 400 years be- 
fore him, the Chinese were treating burns with strong 
tea as a wet dressing, and this contains an appreciable 
amount of tannic acid. It is thus evident that this 
method of treatment has come in and has gone out a 
number of times. 

All of the older forms of treatment aimed at allaying 
pain. Nothing was known about the toxemia or sick- 
ness caused by burns. It was believed up to 1900 that 
if one-third of the body was burned there was no 
possible chance of saving life. The main aim was to 
cover the burned nerve endings to keep away air and 
thus stop pain. 

In 1902 investigators began to wonder about the 
cause of toxemia and death from burns. For the first 
time research was started and theories advanced to ex- 
plain this toxemia and the resulting deaths. The first 
theory we can call the loss of skin function as it was 
known that loss of one-third of the skin was fatal. 
It was assumed that death would ensue when there were 
lost from such an area the three functions of the skin: 
heat regulation, sensation, and excretion. This theory 
is interesting only from a historical point of view, be- 
cause it has been found that all functions of the entire 
skin can be obliterated without causing death. 

Two years later the theory of toxic absorption was 
advocated. Investigators stated that there was formed 
in the site of the burn, and probably produced by the 
action of the heat on the skin proteins, a “‘split pro- 
tein” which caused the toxemia by being absorbed. 
Each investigator described his own split protein as the 
one causing the damage, and at one time or another 
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many such compounds have been mentioned, including 
all of the ptomaines, pyridine, guanidine, and primary 
and secondary proteoses. No two investigators were 
able to agree as to what the split protein was, but in 
general it was believed that there was such a substance 
and that this caused the pathological picture seen in 
burned patients. 

This rather chaotic state of affairs went on until 
1923, when Robertson and Boyd made an extract 
from the burned skin of a dog. When this extract was 
injected into an unburned animal, the animal promptly 
showed signs of toxemia. They analyzed this extract 
and described it as a primary and secondary proteosis. 
Their work seemed so conclusive that everybody felt 
that the subject was solved, once and for all. As a 
matter of fact, it was on their evidence that Davidson, 
two years later, brought out the tannic acid treat- 
ment. He was attempting to convert the burned 
surface into an insoluble crust to prevent absorption of 
the poison from the surface into the body. 

Shortly afterwards, Underhill began repeating the 
experiments of Robertson and Boyd. He had con- 
ducted a great deal of work on the shifting of water 
balance in the body following injury. He knew that 
when trauma takes place there is a transference of 
plasma from the blood stream into the injured area. 
It seemed inconceivable to him that a toxin could be 
absorbed against this shift of fluid. Although he could 
get the same toxemia from an extract of the burned 
area, he reanalyzed this extract and found that it con- 
tained appreciable amounts of ethyl alcohol. When he 
injected this quantity of alcohol into an unburned 
animal, toxemia again resulted. He chose to call this 
“intoxication,” and it became evident that the primary 
and secondary proteosis of Robertson and Boyd was 
simple ethyl alcohol. 

Underhill then conclusively disproved the theory of 
toxemic absorption by showing the improbability of 
absorption from the burned surface back into the body. 
Dogs were burned under ether anesthesia and divided 
into three groups. Trypan blue was injected into the 
burned areas of group No. 1, methylene blue into group 
No. 2, and five times the lethal dose of strychnine into 
group No. 3. In the first two groups no dyes could be 
detected in the blood stream or in the urine, and no 
animal in group No. 3 showed the slightest sign of 
strychnine poisoning. If, then, these substances are 
not absorbed in sufficient quantity to be detected, it is 
highly inconceivable that a vague split protein can be 
absorbed in all large burns and produce the inevitable 
signs of toxemia. 

Underhill then proceeded to postulate a theory of his 
own. He reasoned that there is such a marked shift of 
plasma from the blood stream into the edema fluid of 
the burn that a concentration of the solid matter of the 
blood takes place. He showed in experimental animals 
that it is possible to produce a hemoglobin of 240 per 
cent, and it is well established that a hemoglobin of 
over 140 is not compatible with life for a very long 
period of time. He assumed that this hemo-concentra- 
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tion is the cause of toxemia and death and that success 
in keeping the blood chemistry normal should counter- 
act it. 

Soon Underhill was presented with 23 badly burned 
patients at once from a local theater fire. He hospital- 
ized all of them, called in physicists and chemists, and 
attempted to maintain a normal blood chemistry. His 
treatment was very good for the shock phase, but in 
the end he lost 7 of the 23 cases. His own mortality 
figure exploded his theory, and from the work he had 
done there was no way to explain the deaths that took 
place weeks and months after the burns occurred. 

This was the status of burns in 1928. All of the ac- 
cepted theories had been exploded, and all we knew 
was that burns of one-third of the body area were fatal. 

At Johns Hopkins we had been running a mortality 
of 42 per cent for 10 consecutive years, meaning that 
we were losing all of our big burns, especially those oc- 
curring in children. It was rather a pathetic experience 
to see a freshly burned child brought in with involve- 
ment of more than one-third of the body and have to 
tell the parents that, although the child did not look 
too bad at the time, there was no chance of saving its 
life. The most that we could do was to assure the 
parents that enough morphine would be given to bring 
about an easy death. 

In 1920 we began research on the problem of burns. 
During the first year we reviewed all of the older forms 
of treatment that seemed to have any rational basis. 
We used all of the salves, ointments, and pastes that 
had been advocated. We used tannic acid, picric acid, 
complete debridement, exsanguination, and _trans- 
fusion. The results showed that tannic acid and trans- 
fusions would reduce the mortality from 42 to 32 per 
cent, but we still were not satisfied that 32 per cent 
represented any real advancement in the treatment. 

Shortly after that, for a time, we had to return to the 
dry heat method. This consists of putting the patient 
nude in bed under a cradle, over which the sheets or 
blankets were suspended. Under the cradle we had a 
light bulb to keep the temperature between 100° and 
104°F. This was supposed to induce an exudation 
from the patient to prevent the absorption of poison. 
The heat dried the plasma, converting it into a crust 
which was supposed to stop pain, but also made an 
excellent place for the growth of germs. This resulted 
in a return to our original mortality of 42 per cent. 

The experience made us conscious of the fact that we 
had never seen a large burn that did not at one time or 
another exhibit pus on the burned surface. Since a re- 
view of the literature showed that no work had been 
done on the bacteriology of the burned surface, we be- 
gan to culture it every four hours from the time of ad- 
mission for 72 hours. For 18 hours the results showed 
sterility or a light contamination. From 18 to 40 hours 
there was a mixed infection of all germs of the air and 
of the materials touching the patient, and this became 
increasingly heavier. During the period from 40 to 72 
hours, however, a peculiar change took place, and at the 
end 100 per cent of the larger burns showed a pure 
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culture of one strain of streptococcus. There are about 
200 strains of this organism, four or five being quite 
common. One of these four or five would outgrow all 
other germs and would exist in pure culture after three 
days. It seemed inconceivable to us to ignore this 
streptococcus pus, bathing a large surface of the body, 
and still search for some split protein as the cause of 
toxemia in burns. 

As a result of the bacteriological work, we brought 
out the theory of infection. If this is the cause of 
toxemia, the logical form of treatment is one aimed at 
minimizing or preventing the infection. 

In 1912 Churchman had shown that gentian violet is 
one of the most potent antiseptics that we have against 
gram-positive germs and will not injure a single living 
cell of the body. The streptococci are all gram positive. 
In 1925 I had repeated this work, and in 1929 it occurred 
to me that a 2 per cent solution of gentian violet could 
be sprayed on the burned surface to prevent or minimize 
the infection. When this was done, it was discovered 
that gentian violet had a quality that we did not know 
about. It was able to combine with the upper layer of 
the burned surface to form a light, flexible crust. This 
crust sealed off the burned nerve ends, thereby stopping 
pain. It prevented fluid loss, thus minimizing the 
plasma loss, and acted as a layer under which to grow 
new skin. In addition to these good qualities, we 
found that in the first year gentian violet was used on 
burns at Johns Hopkins, the mortality was reduced 
from 42 per cent to 12 per cent. 

At Boston City Hospital, when the dyes were used in 
all five of the surgical services, we never ran a mortality 
higher than 8 per cent. Frequently, over a period of 
months, it has been as low as 2 per cent; in 1940 up to 
September it was under 2 per cent; during the remain- 
ing months of the year a number of total burns came in 
that brought the mortality for the year up to 8 per cent. 
Before the use of dyes, from 1919 to 1930, the average 
mortality had been about 28 per cent. 

Before going into the treatment of burns, the various 
phases that a patient goes through should be described. 
This will give us a clearer picture of the burned person 
as a whole, and will indicate the necessity of first aid for 
burns and how they should be handled in the later 
phases. 

A burned patient first goes into the shock phase. 
Following this, if he lives, he passes through a long 
period of infection, during which there is invasion of the 
body by the streptococcus, and finally he goes into the 
convalescent phase, which requires skin grafting, a 
rehabilitation, and so on. 

The shock phase is the most important at first; 
actually in a large burn, there is no first aid for the 
burned surface. The shock syndrome, which sets in 
immediately following the burn, is characterized by a 
fall in blood pressure, an increase in pulse rate, and a 
decrease in the cardiac output. The four fundamentals 
for treating shock are: (1) complete rest; (2) applica- 
tion of local heat; (3) control of pain; and (4) in- 
travenous fluids. 
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When a burn takes place, the first-aid person should 
attempt to put the patient at complete rest and get him 
warm. The burned surface should be ignored because 
it is obvious that anything done to the burn will cause 
the patient more pain, or will chill him or keep him from 
having complete rest. Once the patient has been taken 
to the hospital we can stop all pain with large doses of 
morphine and can begin the intravenous administra- 
tion of plasma. Only after the patient is out of shock 
can we begin treatment of the local area. 

This leads us into the local treatment of the burned 
surface, and we will discuss the tannic acid treatment 
first. This was very popular at the beginning of the 
present war. I should like to describe how it is used in 
the Henry Ford Hospital, which is the stronghold of 
tannic acid. When a freshly burned case is received, 
they treat for shock immediately and continue it for 
about four hours. Then the patient is taken to the 
operating room, where he is anesthetized, and the 
burned areas are thoroughly scrubbed for a half hour 
with soap and water. This is done at the end of four 
hours, for if they wait longer, contamination of the 
burned surface takes place and they are unable to put 
tannic acid on such an area. After the tannic acid is 
sprayed on, it is followed by a 10 per cent solution of 
silver nitrate. This causes a precipitation of proteins 
in the skin and forms a crust very rapidly. The pa- 
tient is then taken back to the ward, where the shock 
treatment is again started if necessary. After three 
weeks, during which time the patient is not much of a 
problem, he is again taken to the operating room and 
the crust is dissected away under anesthesia. Then 
immediate skin grafting is done if possible, or the 
burned surfaces are treated with wet dressings until 
the granulation tissue builds up to the point where it 
will accept skin. 

Objections to the tannic acid treatment are as 
follows: Many times it is impossible to anesthetize a 
severely burned patient at the end of four hours; his 
state of shock is too profound, and to do so would 
probably bring about death. The tannic acid and silver 
nitrate combination is not kind to injured epithelium 
and frequently produces a more severe burn. At the 
end of three weeks, many deep burns are not in a posi- 
tion to be skin-grafted, and the secondary treatment 
with wet dressings is really going back to an obsolete 
method which is no longer considered good. Practically 
every second-degree burn treated with silver nitrate and 
tannic acid becomes a third-degree case, and every 
third-degree burn is deepened to the point where skin 
grafting will be necessary. 

At the beginning of the war, the British were using 
tannic acid on most of their burns. The earlier cases 
were pilots of the RAF. When their planes caught 
fire they had to bail out and usually ignited their cloth- 
ing as they did so. As they came down, the wind fanned 
the fire up into the face, and when they reached up to 
pull their shroud lines to guide their parachutes they 
received burns of the hands. These early patients were 
treated with silver nitrate and tannic acid, but it was 
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soon found that after the third or fourth day the eye- 
lids began to slough off, and later the lips. After 
several months of this experience, the Air Ministry 
forbade the use of tannic acid on burns of the hands or 
face. After the evacuation of Dunkirk, a majority of 
the burns were cared for by Commander Keating, who 
later was in charge of the medical service on the H.M.S. 
“Rodney.”’ When the ‘‘Rodney”’ was in Boston for re- 
pairs some two years ago I had a chance to discuss with 
him his experience with tannic acid treatment. He 
stated that he was well pleased with the immediate 
results but that, when he had a chance to observe the 
patients at a base hospital six weeks later he found that 
for most of the encircling burns of extremities amputa- 
tion had become necessary, because of the constricting 
action of the crust formed by the tannic acid. His 
experience was followed by that of others, to the point 
where the government finally forbade the use of tannic 
acid on all burns of the hands, face, and genitalia, and 
encircling burns of the extremities. If tannic acid can- 
not be used on these areas, it is quite obvious that it 
should not be used at all. 

In this country a year ago last June, an editorial 
appeared in the Journal of the American Medical 
Association, indicating that tannic acid can and does 
cause a central necrosis of the liver. A great many 
cases that we used to believe died from shock were 
actually the result of tannic acid poisoning. These 
facts indicate that tannic acid can no longer be used on 
burns. 

In the past three years the sulfonamides have been 
used on burned surfaces. As yet no one has reported a 
large enough ser‘es to indicate the value of these drugs. 
They have been used in the form of solutions, oint- 
ments, vanishing creams, and powders. It is quite 
obvious that the sulfonamides are not good in the 
presence of frank pus, and that by applying them to the 
burned surface it is quite possible to elevate the blood 
content to a fatal level. 

A year ago last November Dr. Pickerell, of Johns 
Hopkins, reported 115 burned patients treated with a 3 
per cent solution of sulfadiazine, and with only one 
death. However, close scrutiny of his paper discloses 
that 100 were outpatient burns. This means they were 
patients suffering from small burns such as of the finger 
or spot-burn of the hand. Out of 15 that were serious 
enough to be admitted to the hospital, 14 were less than 
one-fifth of the body area; one was a burn of 80 per 
cent of the body, a little girl eight years old. She 
died at the end of 48 hours. Her death probably was 
inevitable, but at autopsy it was discovered that her 
renal tubules were blocked with sulfadiazine crystals. 
So far as I know, Dr. Pickerell is the only investigator 
who includes outpatient burns in his mortality figures. 

There have been 17 deaths reported due to absorp- 
tion of sulfadiazine from the burned surfaces. For the 
time being, a great deal more work must be done on the 
sulfonamides before they can be accepted, and I think 
it is better to keep a conservative view of this form of 


treatment. 
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The pressure bandage for the treatment of burns was 
brought out recently by Sumner Koch of Chicago. He 
advocated the pressure bandage in an effort to stop the 
loss of plasma into the burned tissues. His technique 
is to put sterile vaseline directly over the wound and to 
cover that with a thick wrapping of sterile mechanics’ 
waste. Around the whole he puts an Ace bandage to 
obtain the necessary pressure. This form of treatment 
was used by physicians at the Massachusetts General 
Hospital following the Cocoanut Grove disaster. They 
knew that they could not control infection with this 
type of dressing and attempted to accomplish this by 
giving sulfonamides by mouth. Most of them are well 
satisfied with this form of treatment, but the fact re- 
mains that they did not save any case that had been 
burned over one-third of the body area; they did not 
prevent fever, and they did not prevent the formation 
of pus on the burned surface. If such a form of treat- 
ment does not save the larger burns, it is quite obvious 
there is something wrong with it and that the mortality 
will never be reduced by practicing it. 

The gentian violet treatment for burns was modified 
in 1934. This dye had one important weakness: it was 
not a strong antiseptic against gram-negative organ- 
isms. At the end of a week or ten days the crust, 
which had remained dry, would suddenly become moist 
and would be found floating on a pure culture of the 
colon bacilli. In an effort to prevent this gram-nega- 
tive infection, I combined crystal violet with brilliant 
green and neutral acriflavine to obtain a strong anti- 
septic against both the gram-negative and gram-posi- 
tive germs. The combination of dyes also formed the 
same type of crust as we obtained with gentian violet. 

The technique for using the dyes is quite simple. 
When a fresh burn comes in, we disregard the burned 
surface completely. The patient is wrapped in a 
blanket or put in bed with an electric blanket over him. 
The foot of the bed is elevated in order to allow better 
circulation to the trunk and head. We estimate the 
amount of shock present by the clinical picture and by 
laboratory tests on the blood. If the patient is in shock, 
we expose one ankle and cut down on the saphenous 
vein. This is cannulated, and intravenous plasma is 
given. Only after the patient is out of shock and free 
from pain do we begin treatment of the burned surfaces. 
At times, if the burns are not too severe and the pa- 
tient is not badly shocked, we can remove his clothes, 
place him under a cradle, and treat the burned surfaces 
as the plasma is running in. Frequently we have to 
wait 18 to 24 hours before we can begin the local treat- 
ment. This indicates the importance of treating shock. 
If the patient has been lucky enough to escape being 
covered with butter or lard or some other form of grease 
or oil, we do not have to clean the surfaces before we 
spray on the dyes. If the burns have been treated with 
some of these substances, we gently pat the burned 
areas with a sponge wet with ether. This does not cause 
the patient much discomfort and removes the oily sub- 
stances. Any blisters are trimmed away completely. 
Loose pieces of skin are cut away, and then the dyes are 





570 


applied by spraying on from an atomizer. After the 
first coat is dry, we apply a second coat, and so on, 
until the patient has had about six coats. This de- 
velops a thin, flexible, elastic, soluble crust. When 
this is formed, we discontinue the spraying and treat 
the patient with supportive measures. 

I wish I could tell you that this is all you have to do 
to take care of a burn and that, once the crust is formed, 
you can stand by and watch the patient get well. Asa 
matter of fact, when the crust is formed the work is 
just begun. In an ideal burn—that is, a burn that can 
be exposed to air and kept uppermost—it is perfectly 
possible to have the healing progress under the crust 
with no infection. Unfortunately, most of the big 
burns are not ideal, and involve both the front and back 
of the body, or involve one of the orifices of the body. 
In such cases, contamination is so profuse that it is im- 
possible to keep the surface completely sterile. In- 
fection will creep under the crust and cannot be reached 
by spraying the crust again. However, the crust from 
the triple dye betrays infection immediately; the pus 
dissolves and softens the crust directly over it and 
frees it from the underlying structures. This softened 
area can be elevated and trimmed away with scissors. 
The exposed portion is then wiped dry with a sterile 
sponge and sprayed again. This spraying goes on daily 
until the underlying structures are built up to the 
point where they will accept a skin graft or until new 
epithelium grows over the raw areas. This process goes 
on frequently for weeks and months. ~ 

The crust formed by the triple dyes is an elastic one 
which does not set for 24 to 48 hours. If any swelling 
occurs aftér the dye is on, the crust will stretch and will 
not constrict the circulation; hence it is possible to use 
the dyes on burns of the hands, face, lips, or any other 
part of the body. 

The axiom that one-third of the body burned is fatal 
is no longer true. At the Boston City Hospital a victim 
of the Cocoanut Grove disaster had a burn of 67 per cent 
of the body area. This burn was treated with triple 
dyes and is the biggest to survive the disaster. 


JOURNAL OF CHEMICAL EDUCATION 


In the Cocoanut Grove affair there was a great deal 
of controversy over the presence of a poison gas but, so 
far as I know, there is no indication that such a gas was 
present. The rapid deaths, especially in those who had 
small surface burns, were brought about by inhalation 
of superheated air. The New York fire department 
for the last 15 years has been conducting educational 
campaigns to show people that the temperature inside 
of a burning building or a burning room can go up to 
200°-400°F. in a very few minutes. You can demon- 
strate this to yourself by lighting several newspapers in 
the fireplace. If you have a thermometer that will 
register the temperature, you will find that it goes up to 
200° within a few feet of the flame within one or two 
minutes. This superheated air will bring about a 
rapid burning of the lungs if it is inhaled. Victim 
after victim, on reviving, told the same story: inability 
to breathe and the rapid loss of strength. Autopsies on 
the dead victims showed the amount of lung destruction 
that was induced by this inhalation of heated air. 


Notes 


The 224th meeting of the N.E.A.C.T. will be held at 
the Massachusetts College of Pharmacy, Boston, 
Massachusetts, on December 4, 1943. 

High-school teachers seeking visual aids to effective 
teaching should become acquainted with the film cata- 
log, ‘“An Index of Educational and Visual Training 
Slides, Motion Pictures, and Sound Films,’”’ Westing- 
house Electric and Mfg. Co., Motion Picture Division, 
General Advertising Department, Pittsburgh, Penn- 
sylvania. 

The Association went on record as endorsing the 
proposal for the United Science Front, and this will be 
found in the High-School section, page 562 of this issue 
of the JOURNAL. 

Elbert C. Weaver, Associate Editor of TH1s JOURNAL, 
has left Bulkeley High School, Hartford, Connecticut, 
to teach chemistry at Phillips Academy, Andover, 
Massachusetts. 


TRY THIS ONE! 


L. S. Foster, until recently one of our associate 
editors, sent us the following equation to balance. The 


editor bears witness that it can be done——although it 


took $1.27 worth of his time (at current rates) to do it. 
We'd like to know who can do it in the shortest time. 
Ready—go! 


[ [Cr(NsHiCO)e]«[Cr(CN)e]s | + MnO,- + H+ — Cr,0,~ + CO, + NO;- + Mn++ + H,O 




















RECENT BOOKS 


PRACTICAL Emutsions. H. Bennett, Technical Director, Glyco 
Products Company. Chemical Publishing Company, Inc., 
New York, 1948. x + 462 pp. 9 figs. 15 K 22cm. $5.00. 

In the preface the author states that although many books 
on colloid chemistry deal with emulsions in a theoretical and gen- 
eral manner, there is none which specifically discusses emulsions 
for the practical worker. Therefore this book attempts to touch 
only lightly on the theory and concentrates on the art of making 
and applying emulsions. 

The author goes on to state that the greatest drawback in the 
increased use of emulsions is the lack of proper understanding of 
the technique and formulation necessary to produce good emul- 
sions. The main purpose of the book therefore is to offer this 
practical information to the technical worker. 

The book is divided into two parts. The first part, covering 
200 pages, discusses the better-known emulsifying agents, types 
of emulsions, production methods, stability of emulsions, tech- 
nical emulsions, and dispersing and wetting agents, It concludes 
with lists of emulsifying agents, emulsions, and demulsifying 
agents. The second part offers a great number of formulas and 
practical hints for the production of emulsions to be used for 
specific purposes, as, for example, agricultural spray emulsions, 
cosmetic emulsions, food emulsions, leather treatment emulsions, 
polish emulsions, etc. 

If the book, as indicated in the preface, is primarily devoted to 
the practical worker, the value of the first part seems problemati- 
cal because the author—perhaps unintentionally—trelies to a 
considerable extent on the reader’s knowledge of the fundamen- 
tals of emulsification as well as a considerable knowledge of col- 
loid chemical terminology. On the other hand, the reader who is 
familiar with the colloidal phenomena involved in the production, 
stability, and destruction of emulsions, will gather only a few 
crumbs of information which he does not yet possess. Since the 
book is devoted to the practical worker a mcre detailed and com- 
plete review of available emulsifying equipment and hints as to 
its most successful operation would seem advisable. The very 
effective Tri-Homo Mill has been overlooked completely. Read- 
ing of the first six chapters is extremely difficult and confusing 
because no general trend aids as a guide. 

Besides these shortcomings, some of the statements contained 
in the theoretical discussions are questionable. For example, the 
discussion of the appearance of emulsions under the microscope 
is misleading because the ‘‘soap pellicles surrounding the drop- 
lets” are not visible. The statement that interfacial tension 
plays a doubtful role in emulsion stability is not in agreement 
with experimental correlations. That the addition of electrolyte 
in small quantities increases the potential of the electric double 
layer at the surface of the particle and thereby increases the vis- 
cosity of theemulsion holds only inafewspecificcases. It is the pre- 
history of theemulsion as well as the type of electrolyte added which 
will decide if the electrokinetic potential is further increased or im- 
mediately decreased. However, the thickness of the water layer 
will depend largely on the type of ions making up the electrical 
double layer. It is inadvisable to use the term osmosis in connec- 
tion with the lowering of viscosity of colloidal solutions since no 
membranes are involved. In creaming of emulsions, the type of 
emulsifying agent or protective colloid used as well as the shape 
of the container are factors which may not be overlooked. 

In discussing latex emulsions, carbon black and cement are 
listed as hydrophilic materials. They are not. Carbon black co- 
agulates latex by its power to adsorb considerable quantities of 
water when once wetted, whereas cement coagulates it as a result 
of released calcium ions. As long as we are dealing with a dis- 
persion of water-in-rubber we are not dealing with an aqueous 
rubber dispersion, therefore the viscosity of the former is mean- 
ingless. A dispersing agent acts by increasing either the electrical 
repulsive charges between primary particles forming an aggre- 
gate, or by increasing their solvation. The cohesive attraction 
between particles forming an aggregate cannot be neutralized, 
being a constant depending on the mass of the particle (van der 
Waal’s forces). 

In the literature references frequent use is made of a book en- 


, 


titled ““Technical Aspects of Emulsions.’’ This book represents 
a compilation of papers read at a symposium in London in 1934 
and is edited by F. G. Donnan, not by H. Freundlich. The chap- 
ter on rubber latex to which frequent reference is made was con- 
tributed by H. P. and W. H. Stevens. 

The list of dispersing and wetting agents (chapters VI and VII) 
would be of significant value to the reader only if the name of the 
manufacturer and, preferably, some of the specific applications 
were included, If the list of emulsifying agents and emulsions is 
considered in conjunction with the added literature references, 
a valuable compilation of otherwise scattered literature has been 
made available. 

With Part II of the book the author has rendered a real service 
to all those who are interested in the production of a great variety 
of emulsions and who have not the time or training to enter this 
field from the ground floor. Not only does he offer a wealth of 
well-tested emulsion formulas, but he adds thereto from many 
years of personal experience the little practical ‘‘know-hows’”’ 
which are so essential for satisfactory production. The second 
part of the book is the one where the practical worker will be able 
to gather valuable information, and it is this part which in com- 
bination with the literature references previously cited should 
make the book appeal also to those who are looking for a con- 
densed compilation of literature and patent references in the con- 
stantly growing field of technical emulsions. 

E. A. HAUSER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


So You Want TO BE A CHemisT? Herbert Coith. McGraw- 
Hill Book Company, Inc., New York, 1943. x + 128 pp. 
12.5 X 19cm. $1.50. 

As a picture of what a professional career in chemistry in- 
volves, this is more general than the well-known ‘‘Chemist at 
Work” and should occupy a place next to the latter volume 
on the reference shelf of every vocational adviser, and indeed of 
every library accessible to students of chemistry. 

However, it is profitable reading not only to the young aspir- 
ant to the chemical profession, but also to those already engaged 
in its practice, who will get from it a most comprehensive view 
of “the chemical industry’’—its purposes, its organization, its 
general methods of work. 

The tangible elements of the chemical industry include raw 
materials, processes, and finished products. The attention 
given to each of these involves establishment and control of 
standards; research; plant development; products service. 
The various relations of this classification are dealt with in il- 
luminating detail. ¥ 

The language is simple, even colloquial, but the author ob- 
viously knows whereof he speaks. There is no nauseating and 
misleading emphasis upon ‘‘modern marvels,” although many 
points in the discussion are illustrated by concrete examples 
from plant and laboratory. 

After the chapters which outline the chemical industry there 
are two valuable ones: ‘‘The Kind of Chemists Industry Wants,” 
and ‘‘The Kind of Industries Chemists Want.’”’ Every prospec- 
tive chemist could read these to advantage. 

Answers—generally satisfying—are given to most of the ques- 
tions which budding chemists raise—or should raise—and one 
finds much sound advice on the training of chemists. Students 
are urged to train themselves broadly and to take a broad view 
of their coming profession. 

“Chemistry need not be a chain holding a man in a laboratory 
where he works out answers for Tom, Dick, and Harry on the 
outside to take and make use of. Chemistry should be a tool 
which a man uses as a supplement to other capabilities and which 
thus enables him to meet Tom, Dick, and Harry, in any corner of 
industry or commerce, and help all three of them to do a better 
job than they had been able to do before the tool of chemistry 
was brought to their attention.”’ 

Norris W. RAKESTRAW 


BROWN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 
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A Course IN PowpER MeEtTALLuRGY. Walter J. Baéza, In- 
structor of P. Metallurgy, The College of the City of New York. 
Reinhold Publishing Corporation, New York, 1943. 212 pp. 
27 figs. 23 X 14cm. $3.50. 

The first section of this book is excellent. The historical 
development of powder metallurgy is logically and clearly pre- 
sented. The present developments and uses are also well stated. 
The various steps in the production of a finished article are so 
fully described that a reader wholly unfamiliar with the process 
will get a satisfactory knowledge of the methods used. 

An evaluation of the second part of the book (Laboratory 
Methods) must be based on the assumption that the author is 
primarily concerned with powder metallurgy as an art rather 
than as a science. 

It is clear that a student following the very explicit instructions 
for each operation can make simple alloys by the powder method. 
He will, however, have very little conception of the fundamental 
principles involved unless these are discussed at length by the 
instructor or made available in the form of collateral reading. 

Little attention is paid, for example, to the mechanism of 
diffusion or the effects of temperature on the diffusion rate. 
Effects of powder size, shape, and surface condition have re- 
ceived almost no consideration. There is little discussion of the 
finished product from the metallurgist’s viewpoint. What, for 
example, is the microstructure of the alloy and how does this 
affect the mechanical properties? What are the fundamental 
reasons for hot pressing rather than cold pressing? These and 
many other questions will occur to a reader who is interested not 
merely in learning how a leaded bearing is made but in studying 
the scientific approach to the general problem. 

The war emergency has probably made it unwise to deviate too 
much from empiricism but it is hoped that in later editions the 
author will devote much more attention to the basic principles 
underlying this relatively new and rapidly expanding technique. 

ROBERT S. WILLIAMS 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


CHEMICAL ELEMENTS. J. Nechaev. Translated by Beatrice 
Kinkead. Coward-McCann, Inc., New York, 1942. 20 x 
13.5cm. 223 pp. 13 figs. $2.50. 

Every high-school pupil and college student of elementary chem- 
istry can understand this charming book, and will read it with 
enjoyment and profit. In simple and fascinating fashion it tells 
the story of the discovery of a number of the elements. Included 
are intimate glimpses of Scheele, the inquisitive apothecary; 
Lavoisier, the shrewd weigher; Davy, the dashing dancer and 
ingenious experimenter; Fraunhofer, Bunsen, and Kirchoff, 
spectroscopists extraordinary; Mendeleyev, prophet and guide; 
and Madame Curie, tireless worker surmounting stubborn ob- 
stacles. 

“Chemical Elements’’ has definite inspirational value. Boys 
and girls will enjoy its absorbing stories. Copies should be 
available wherever elementary chemistry is taught. 

ELBERT C. WEAVER 


BuULKELEY HiGH ScHOOL 
HARTFORD, CONNECTICUT 


EXCURSIONS IN SCIENCE. Edited by Neil B. Reynolds, General 
Electric Company, and Ellis L. Manning, Supervisor of Sci- 
ence, New York State Department of Education. . McGraw- 
Hill Book Company, Inc., New York, 1939. xiii + 307 pp. 
14 X 2icm. $2.50. 


This book is based on a series of radio programs sponsored. 


by the General Electric Company in which some thirty scientists 
present some of the most interesting stories of their respective 
fields. Thirty-five fascinating stories are told here, ranging from 
simple experiments in science by Dr. Irving Langmuir to electron 
optics and the limitations of science. The contributors are in 


most instances well known, trained in their particular field, and 
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capable of producing not only a successful experiment but a 
capital story about it. Because the ‘‘excursions’”’ are concrete, 
the book makes engrossing reading. When you have finished 
reading the book, you can continue the ‘‘excursions”’ by perform- 
ing many of the experiments yourself from their concrete illustra- 


tions and specific directions. 
GRETA OPPE 


Batt HiGH SCHOOL 
GALVESTON, TEXAS 


TREATMENT OF EXPERIMENTAL Data. Archie G. Worthing, 
University of Pittsburgh, and Joseph Geffner, Weirton Steel 
Company. John Wiley and Sons, Inc., New York, 19438. ix 
+ 342 pp. Figures. Tables. 15 X 23cm. $4.50. 

When he filed his list of courses for the year, a young chem- 
istry student was once asked why he had included a course in 
higher mathematics, to which he replied that he wanted to learn 
how to make simple results look complicated by the use of mathe- 
matics. As a matter of fact, of course, within what perhaps 
seem to be very simple results there may lie hidden some impor- 
tant but complicated relation. Every student, at some stage in 
his training, should be made to realize the dangers of making 
either too much or too little of his experimental data. This 
danger can be avoided only by a knowledge of the various 
methods of analysis available. 

While some of this volume will be beyond the mathematical 
ability of our average student reader the same advice holds good 
here as with regard to his general mathematical education: he 
should absorb all he can of it. Certainly, the first few chapters 
can be read to advantage by anyone who has to handle the 
results of quantitative experiments, even if it be only in the 
preparation of laboratory reports. 


Vernon J. Clancey. The 
vi+ 176 pp. 13 


CHEMISTRY AND THE AEROPLANE. 
Ronald Press Company, New York, 1943. 
X 19cm. $2.25. 

Because of interest in both aviation and chemistry, I have been 
wondering when the book would appear which linked the two 
fields. Here it is. 

As the British author explains ‘‘Without chemistry there 
would have been no aeroplane .... It would not be correct, 
however, to say that chemical knowledge alone made flight pos- 
sible. No amount of chemical knowledge alone could produce 
flight. At the same time no amount of knowledge of aerody- 
namics, of the structure and design of machines, would have 
made it possible either. The two things go hand in hand. They 
form a partnership.” 

In what follows, the aviation-mind¢d reader will find a brief 
but sound course of training in the various branches of chemistry 
which have a bearing on the construction and operation of air- 
planes. Although not extensive, the treatment is by no means 
superficial. There is included enough organic chemistry for an 
understanding of the composition of hydrocarbon and other 
fuels, plastics, and rubber; enough metallurgy to understand 
the methods for the production of iron and steel and the impor- 
tant nonferrous metals, as well as the composition, properties, 
and behavior of alloys, ferrous and nonferrous. What surprises 
one most, perhaps, is the extent to which physical chemistry 
is drawn upon. The following list of topics and their applications 
will look like the table of contents of a textbook of physical 
chemistry: gas laws and equations of state (engine operation); 
solutions (solid solutions and eutectics); fluid behavior and vapor 
pressure (carburetion and engine cooling); heats of reaction and 
thermodynamics (engine operation); catalysis (fuel manufac- 
ture); reaction mechanism (combustion and knock inhibition) ; 
colloids (lubrication, rubber, ‘‘dopes’’); electrochemistry (stor- 
age batteries). 

The book is one of a group in which each of the fundamental 
sciences is treated in its relation to aeronautics. 

Norris W. RAKESTRAW 


BROWN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 








. 





Editors Outlooh 


es being the 200th anniversary of the birth of 
Thomas Jefferson, we do not want to let it pass 
without calling attention to the fact that he had some- 
thing to do with the development of chemistry in this 
country. The explanatory note by Dr. C. A. Browne, 
followed by Jefferson’s ‘‘Report on the method for ob- 
taining fresh water from salt,’’ which will be found in 
this number, should be important contributions to the 
history of chemistry in America. 


“G‘LIPS that pass in the night,” in our November 

number, and ‘The importance of technical writ- 
ing in chemical education,”’ in the present one, offer an 
opportunity for our own two-bits’ worth of editorial 
comment and regret. 

Once a year the JOURNAL publishes its “Suggestions 
to authors.’ But these are trivial and unimportant, 
compared to the suggestions which should have been 
made to them long ago—suggestions which might have 
enabled them now to write more understandably, more 
interestingly. Very likely it is too late now; at their 
present age most of our authors write either well or 
poorly—as they are either bald or hairy. It would be 
nice if there were something we could do about it. 

There seems to be something about putting one’s 
thoughts down for publication which makes many a 
man lose his sense of proportion and values; makes 
him want to dress up so as to be unrecognizable; makes 
him change his native tongue into a completely foreign 
jargon. He shuns the simple words; must make simple 
ideas appear highbrow by long words and complicated 
grammar. To use a fifty-cent word to express a two- 
for-a-nickel idea is as much out of place as for a chemist 
to use a thermometer for a stirring rod—although both 
practices are unfortunately too common. 

A recent article on this general subject! quotes Archer 
E. Knowlton, of Electrical World, as saying: “Writing 
an article should be no more difficult than telling your 





1 THompson, ‘“‘How can we improve engineering books?” J. 
Eng. Education, 34, 193 (1948). 


favorite story—if you will write it as naturally as you 
would tell the story. What is equally important, it 
will be interesting to others.” 

Arthur P. Chew, of the United States Department 
of Agriculture, has expressed the unfortunate situation 
very well: 


“What is chiefly wrong in scientific writing, and thoroughly de- 
structive of its purpose, is the use of esoteric jargon where com- 
mon words would serve as well or better. This fatal sickness, 
which is highly resistant to mere warnings, deserves careful di- 
agnosis. Everyone knows the symptoms. When the victim 
has a choice of words or terms, he chooses the rarer or more pre- 
tentious ones, either because he thinks them more impressive or 
because he has forgotten their common synonyms. He turns 
away from English and uses a dialect known only toa few. Es- 
sentially, the user of excess jargon hopes to communicate his 
meaning by a sort of telepathy, which will save him the trouble 
of spelling his meaning out. He knows that easy reading is hard 
writing and he does not like hard writing.” 


A prize example of the roundabout way of saying a 
simple thing came to us some time ago in a submitted 
manuscript : 


“The handling of caustics, acids, poisonous substances, and 
other chemicals is the processing of the mind to an almost auto- 
matical respect for dangers which accompany the storage and use 
of the many household chemicals which much too often are placed 
in position to be of painful consequence.” 


This didn’t get into print—as far as we know. But 
the following did, in a prospectus which reached our 
office, describing a book which 


“has been written by a man whose unshakable conviction that the 
sheer articulation of his tremendous theme is rhetoric enough, 
entailed the disinclination to add one pinch of belletristic season- 
ing, lest some prime savor be blunted or submerged thereby. 
The result is a book that compacts within small compass what the 
commonalty of authors, had they been similarly gifted, would 
have expanded into a dozen tomes. Add the fact that the theme 
has neither ideologically nor structurally anything in common 
with the scientific or literary orientations of the day, and you 
have an offering that exacts an intensity of application that goes 
against the grain of a generation inured to a shallow and pre- 
cipitous practicality.” 
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Thomas Jefferson’s Relation to Chemistry 


Cc. A. BROWNE 


Bureau of Agricultural and Industrial Chemistry, U. S. Department of Agriculture, Washington, D. C. 


i THIS year of the 200th anniversary of the birth of 
Thomas Jefferson, when so much has been published 
about his diversified interests in agriculture, botany, 
ethnology, geography, paleontology, and other sciences, 
nothing appears to have been written about the inter- 
ests in chemistry of the greatest patron of science among 
our country’s Presidents. 

Jefferson’s high opinion of chemistry is indicated by 
the large number of books upon this science in his pri- 
vate library which contained works by Chaptal, Du- 
hamel, Fourcroy, Hales, Ingen-Housz, Lavoisier, Par- 
mentier, Rumford, Scheele, Wallerius, Watson, and 
other prominent chemists, with some of whom he was 
personally acquainted. It was his great privilege, dur- 
ing the years 1784-89, while Minister to France, to 
witness the intense interest in chemistry of that coun- 
try. Writing from Paris in July, 1788, to his friend 
Rev. James Madison of William and Mary College, 
Jefferson relates: 


‘Speaking one day with Monsieur de Buffon, on the present 
ardor of chemical inquiry, he affected to consider chemistry but 
as cookery, and to place the toils of the laboratory on a footing 
with those of the kitchen. I think it, on the contrary, among the 
most useful of sciences and big with future discoveries for the 
utility and safety of the human race.” 


Jefferson’s interest in chemistry was chiefly upon the 
practical side. This utilitarian outlook is well indicated 
in a letter written in August, 1805, to Dr. Thomas 
Ewell which is included in the preface of the latter’s 
“Plain Discourses on the Laws or Properties of Matter’’ 
(New York, 1806): 


“Of the importance of turning a knowledge of chemistry to 
household purposes, I have been long satisfied. The common 
herd of philosophers seem to write only for one another. The 
chemists have filled volumes on the composition of a thousand 
substances of no sort of importance to the purposes of life; while 
the arts of making bread, butter, cheese, vinegar, soap, beer, 
cider, &c. remain unexplained. Chaptal has lately given the 
chemistry of wine making; the late Dr. Pennington did the same 
as to bread, and promised to pursue the line of rendering his 
knowledge useful to common life; but death deprived us of his 
labors. Good treatises on these subjects should receive general 
approbation.” 


Similarly in July, 1812, in a letter to Dr. Thomas 
Cooper, acknowledging the receipt of a copy of his 


“Introductory Lecture to a Course of Chemistry’. 


Jefferson wrote: 


“You know the just esteem which attached itself to Dr. Frank- 
lin’s science, because he always endeavored to direct it to some- 
thing useful in private life. The chemists have not been atten- 
tive enough to this. I have wished to see their science applied to 
domestic objects, to malting, for instance, brewing, making cider, 


to fermentation and distillation generally, to the making of bread, 
butter, cheese, soap, to the incubation of eggs, etc. And I am 
happy to observe some of these titles in the syllabus of your lec- 
ture. I hope you will make the chemistry of these subjects intel- 
ligible to our good house-wives.”’ 


To the readers of THIS JOURNAL the attitude of Jef- 
ferson toward the position of chemistry in university 
education will be of special interest. As early as 
January, 1800, Jefferson requested the eminent English 
chemist, Dr. Joseph Priestley, a close personal friend, to 
submit suggestions about courses of study for the new 
university which he had long been planning to create at 
Charlottesville. In the following May, Priestley sub- 
mitted to Jefferson, in response to his request, his 
“Hints concerning public education,’ in which he out- 
lines a curriculum of nine subjects. ‘Chemistry, in- 
cluding the theory of agriculture’ is mentioned by 
Priestley as one of the studies that should be given in 
a course of liberal education. A comparison of Priest- 
ley’s outline (which is published on pages 117-22 of 
Edgar F. Smith’s ‘Priestley in America’’) with the 
curriculum of studies introduced by Jefferson in the 
University of Virginia 25 years later shows many points 
of agreement. In a final draft of courses in science for 
this institution, Jefferson even went beyond Priestley 
and would give chemistry a predominant part. This is 
indicated in his letter of May 2, 1826 (only two months 
before his death), to Dr. John P. Emmett, Professor of 
Natural History at the newly established university, in 
which he suggested that Emmett give for the year’s 
course one dozen lectures each to botany, zoology, 
mineralogy, and geology and eight dozen to chemistry. 
He then continued: 


“You will say that two-thirds of a year, or any better estimated 
partition of it, can give but an inadequate knowledge of the whole 
science of Chemistry. But consider that we do not expect our 
schools to turn out their alumni already enthroned on the pin- 
nacles of their respective sciences; but only so far advanced in 
each as to be able to pursue them by themselves, and to become 
Newtons and Laplaces by energies and perseverances to be con- 
tinued through life.’”’ 


Jefferson’s long-forgotten ‘‘Report on the methods for 
obtaining fresh water from salt’’ gives an account of the 
experiments which he performed in March, 1791, while 
Secretary of State, in company with Rittenhouse, 
President of the American Philosophical Society; Wis- 
tar, Professor of Chemistry in the College of Philadel- 
phia; and Hutchinson, Professor of Chemistry in the 
University of Pennsylvania. The report is a classic 
for it is the first document of a chemical nature to be 
published by the United States Government. 
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Report on the Method for Obtaining Fresh 
Water from Salt 


THOMAS JEFFERSON 


HE SECRETARY of State, to whom was referred 

by the House of Representatives of the United 
States the petition of Jacob Isaacs of Newport in Rhode 
Island, has examined into the truth and importance of 
the allegations therein set forth, and makes thereon the 
following report: 

The petitioner sets forth, that by various experiments, with 
considerable labor and expense, he has discovered a method of 
converting salt-water into fresh, in the proportion of 8 parts out 
of 10, by a process so simple that it may be performed on board 
of vessels at sea by the common iron caboose, with small altera- 
tions, by the same fire, and in the same time, which is used for 
cooking the ship’s provisions, and offers to convey to the govern- 
ment of the United States a faithful account of his art or secret, 
to be used by, or within the United States, on their giving to him 
a reward suitable to the importance of the discovery, and in the 
opinion of government, adequate to his expenses and the time he 
has devoted to the bringing it into effect. 


In order to ascertain the merit of the petitioner’s dis- 
covery, it becomes necessary to examine the advances 
already made in the art of converting salt-water into 
fresh. 

Lord Bacon, to whom the world is indebted for the 
first germs of so many branches of science, had observed, 
that with a heat sufficient for distillation, salt will not 
rise in vapor, and that salt-water distilled is fresh; and 
it would seem, that all mankind might have observed 
that the earth is supplied with fresh water chiefly by 
exhalation from the sea, which is, in fact, an insensible 
distillation effected by the heat of the sun; yet this, 
although the most obvious, was not the first idea in the 
essays for converting salt-water into fresh; filtration 
was tried in vain, and congelation could be resorted to 
only in the coldest regions and seasons. In all the 
earlier trials by distillation, some mixture was thought 
necessary to aid the operation by a partial precipitation 
of the salt, and other foreign matters contained in sea- 
water. Of this kind, were the methods of Sir Richard 
Hawkins in the 16th century, of Glauber, Hauton, and 
Lister, in the 17th, and of Hales, Appleby, Butler, 
Chapman, Hoffman, and Dore, in the 18th; nor was 
there anything in these methods worthy noting on the 
present occasion, except the very simple still contrived 
extempore by Captain Chapman, and made from such 
materials as are to be found on board every ship, great 
or small; this was a common pot, with a wooden lid of 
the usual form; in the centre-of which a hole was bored 
to receive perpendicularly, a short wooden tube made 
with an inch-and-a-half auger, which perpendicular tube 
received at its top, and at an acute angle, another tube 
of wood also, which descended until it joined a third of 


pewter made by rolling up a dish and passing it obliquely 
through a cask of cold water; with this simple machine 
he obtained two quarts of fresh water an hour, and ob- 
served that the expense of fuel would be very trifling, if 
the still was contrived to stand on the fire along with 
the ship’s boiler. 

In 1762, Doctor Lind, proposing to make experiment 
of several different mixtures, first distilled rain-water, 
which he supposed would be the purest, and then sea- 
water, without any mixture, which he expected would 
be the least pure, in order to arrange between these two 
supposed extremes the degree of merit of the several 
ingredients he meant to try; ‘‘to his great surprise,”’ 
as he confesses, the sea-water distilled without any mix- 
ture, was as pure as the rain-water; he pursued the dis- 
covery and established the fact, that a pure and potable 
fresh water may be obtained from salt-water by simple 
distillation, without the aid of any mixture for fining or 
precipitating its foreign contents. In 1767 he proposed 
an extempore still, which, in fact, was Chapman’s, only 
substituting a gun-barrel instead of Chapman’s pewter 
tube, and the hand-pump of the ship to be cut in two 
obliquely and joined again at an acute angle, instead of 
Chapman’s wooden tubes bored expressly; or instead of 
the wooden lid and upright tube, he proposed a tea- 
kettle (without its lid or handle) to be turned bottom 
upwards over the mouth of the pot by way of still-head, 
and a wooden tube leading from the spout to a gun-barrel 
passing through a cask of water, the whole luted with 
equal parts of chalk and meal moistened with salt-water. 
With this apparatus of a pot, tea-kettle, and gun-barrel, 
the Dolphin, a twenty-gun ship, in her voyage around 
the world in 1768, from 56 gallons of sea-water and with 
9 lbs. of wood and 69 Ibs. of pit-coal made 42 gallons of 
good fresh water, at the rate of 8 gallons an hour. The 
Dorsetshire, in her passage from Gibraltar to Mahon in 
1769, made 19 quarts of pure water in 4 hours with 10 
lbs. of wood, and the Slambal in 1773, between Bombay 
and Bengal, with the hand-pump, gun-barrel, and a pot 
of 6 gallons of sea-water, made 10 quarts of fresh water 
in 3 hours. 

In 1771, Dr. Irvin putting together Lind’s idea of dis- 
tilling without a mixture, Chapman’s still, and Dr. 
Franklin’s method of cooling by evaporation, obtained a 
premium of 5000 pounds from the British parliament. 
He wet his tube constantly with a mop instead of passing 
it through a cask of water; he enlarged its bore also, in 
order to give a free passage to the vapor, and thereby 
increase its quantity by lessening the resistance or pres- 
sure on the evaporating surface. This last improve- 
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ment was his own; it doubtless contributed to the suc- 
cess of his process; and we may suppose the enlargement 
of the tube to be useful to that point at which the central 
parts of the vapor passing through it would begin to 
escape condensation. Lord Mulgrave used his method 
in his voyage towards the north pole in 1773, making 
from 34 to 40 gallons of fresh water a day, without any 
great addition of fuel, as he says. 

M. de Bougainville, in his voyage round the world, 
used very successfully a still which had been contrived 
in 1763 by Poyssonier to guard against the water being 
thrown over from the boiler into the pipe, by the agita- 
tion of the ship. In this, one singularity was, that the 
furnace or fire-box was in the middle of the boiler, so that 
the water surrounded it in contact. This still, however, 
was expensive, and occupied much room. 

Such were the advances already made in the art of ob- 
taining fresh from salt-water, when Mr. Isaacs, the 
petitioner, suggested his discovery. As the merit of 
this could be ascertained by experiment only, the Secre- 
tary of State asked the favor of Mr. Rittenhouse, 
President of the American Philosophical Society, of Dr. 
Wistar, Professor of Chemistry in the college at Phila- 
delphia, and Dr. Hutchinson, Professor of Chemistry in 
the University of Pennsylvania, to be present at the 
experiments. Mr. Isaacs fixed the pot, a small caboose, 
with a tin cap and straight tube of tin passing obliquely 
through a cask of cold water; he made use of a mixture, 
the composition of which he did not explain, and from 24 
pints of sea-water, taken up about three miles out of the 
Capes of Delaware, at flood-tide, he distilled 22 pints of 
fresh water in four hours with 20 Ibs. of seasoned pine, 
which was a littled wetted by having lain in the rain. 

In a second experiment of the 21st of March, per- 
formed in a furnace, and 5-gallon still at the college, from 
32 pints of sea-water he drew 31 pints of fresh water in 7 
hours and 24 minutes, with 51 Ibs. of hickory, which had 
been cut about six months. In order to decide whether 
Mr. Isaacs’ mixture contributed in any and what degree 
to the success of the operation, it was thought proper to 
repeat his experiment under the same circumstances 
exactly, except the omission of the mixture. Accord- 
ingly, on the next day, the same quantity of sea-water 
was put into the same still, the same furnace was used, 
and fuel from the same parcel; it yielded, as his had 
done, 31 pints fresh water in 11 minutes more of time, 
and with 10 Ibs. less of wood. 

On the 24th of March, Mr. Isaacs performed a third 
experiment. For this, a common iron pot of 3'/2 gallons 
was fixed in brick work, and the flue from the hearth 
wound once around this pot spirally, and then passed off 
up a chimney. 

The cap was of tin, and a straight tin tube of about 
two inches diameter passing obliquely through a barrel of 
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water, served instead of aworm. From 16 pints of sea- 
water he drew off 15 pints of fresh water, in 2 hours and 
55 minutes, with 3 Ibs. of dry hickory and 8 lbs. of 
seasoned pine. This experiment was also repeated the 
next day, with the same apparatus, and fuel from the 
same parcel; but without the mixture, 16 pints of sea- 
water yielded in like manner 15 pints of fresh in one 
minute more of time, and with !/2 Ib. less of wood. On 
the whole, it was evident that Mr. Isaacs’ mixture pro- 
duced no advantage either in the process or result of the 
distillation. 

The distilled water, in all these instances, was found 
on experiment to be as pure as the best pump water of 
the city; its taste, indeed, was not as agreeable, but it 
was not such as to produce any disgust. In fact, we 
drink, in common life, in many places, and under many 
circumstances, and almost always at sea, a worse tasting 
and probably a less wholesome water. 

The obtaining fresh from salt-water was for ages con- 
sidered as an important desideratum for the use of navi- 
gators. The process for doing this by simple distillation 
is so efficacious, the erecting an extempore still with such 
utensils as are found on board of every ship, is so prac- 
ticable, as to authorize the assertion that this desidera- 
tum is satisfied to a very useful degree. But though 
this has been done for upwards of 30 years, though its 
reality has been established by the actual experience of 
several vessels which have had recourse to it, yet neither 
the fact nor the process is known to the mass of seamen, 
to whom it would be the most useful, and for whom it 
was principally wanted. The Secretary of State is there- 
fore of opinion that since the subject has now been 
brought under observation, it should be made the occa- 
sion of disseminating its knowledge generally and effec- 
tually among the seafaring citizens of the United States. 
The following is one of the many methods which might 
be proposed for doing this: Let the clearance for every 
vessel sailing from the ports of the United States be 
printed on a paper, in the back whereof shall be a printed 
account of the essays which have been made for obtain- 
ing fresh from salt-water, mentioning shortly those 
which have been unsuccessful, and more fully those 
which have succeeded, describing the methods which 
have been found to answer for constructing extempore 
stills of such implements as are generally on board of 
every vessel, with a recommendation in all cases where 
they shall have occasion to resort to this expedient for 
obtaining water, to publish the result of their trial in 
some gazette on their return to the United States, or to 
communicate it for publication to the office of the Secre- 
tary of State, in order that others may, by their suc- 
cess, be encouraged to make similar trials, and be bene- 
fited by any improvements or new ideas which may 
occur to them in practice. 
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M. Carey Lea, Chemist, 1823-1897 


EDGAR FAHS SMITH 


HUNDRED years ago (1823), Matthew Carey 
Lea was born. His contributions to chemistry 
brought him honor and distinction among his colleagues 
throughout the world, so that pause may well be made 
to let them pass in brief review. Few chemists of his 
day knew him personally; in fact, students of chemistry 
in this country would probably not give his name if 
called upon for a list of American scientific worthies, 
hence a brief consideration of his achievements will be 
in order. They will augment our pride in the men 
who wrought in chemistry before these very modern 
days when, on all sides, there is heard a demand for 
research, forgetting that the past in chemistry, even 
in this country, can present many excellent examples of 
earnest devotion to the purely scientific aspects of 
chemistry. 

Carey Lea (as he was usually called) was a true 
researcher. His first study, published in 1841, related 
to the Southern Coal Field of Pennsylvania. His 
father had expressed the thought that ‘‘the hard or 
highly carbonized anthracite of the eastern end of the 
Southern coal field changes to bituminous in the west- 
ern end by nearly regular gradations.” The results 
obtained by Carey Lea showed ‘“‘that the bituminous 
qualities of the coal increase with considerable regu- 
larity from Tamaqua (the easternmost end) to Rattling 
Run (the westernmost extremity).” 

Lea did this work when he was but 18 years old, in 
the laboratory of Booth, Garrett, and Blair, where he 
had gone to familiarize himself with practical chemistry. 
He loved scientific pursuits. He never went to school 
or college. His remarkable training was ‘“‘through the 
best private tutors procurable.” His intellectual 
powers were immense. He knew literature, math- 
ematics, languages, and the natural and physical 
sciences. 

After his first venture into experimental chemistry 
he gave himself to the study of law, and was admitted 
to the bar in 1847, at the age of 24. But this profession 
he abandoned and journeyed to Europe, hoping to 
regain his health which had become precarious. How- 
ever, his hopes were not realized, and he returned to 
the old laboratory on Arch Street (Booth, Garrett, and 
Blair) with the view of perfecting himself still further 
in chemistry. 

In his earlier days in the Booth, Garrett, and Blair 
laboratory, he had as fellow student in chemistry his 
brother, Henry Charles Lea, who later in life was 
regarded as the first and greatest of modern scientific 
historians. He was the author of 17 volumes on 
Mediaeval History and Law. And this same younger 
brother, at the age of 12 years, was busily engaged 
in a study of manganic oxide, the results appearing 
in May, 1841, in the American Journal of Science. 
The paper is interesting and valuable. Few chemists, 
at the age of 16, have ventured forth with such an 
excellent production. He began: 


The peroxide of manganese (Mn,O;) has never been investi- 
gated, as its existence has, until lately, been questioned by some 
of the first chemists in Europe, and the tendency of its salts to 
convert themselves into proto-salts, contributed to render it 
problematical whether it was not merely the protoxide disguised. 


Interrupting this’ digression, it may be remarked 
that when Carey Lea finally left the Booth, Garrett, 
and Blair laboratory it was to enter a private labora- 
tory installed in his home at Chestnut Hill. There 
nearly all his later experimental work was done. But 
the notebooks of that work were, upon his death, de- 
stroyed in accordance with his own desire. Among 
these was a list, preserved from boyhood, of the 
chemicals and apparatus imported by his father for 
his use. 

Lea showed a decided penchant for chemical theory. 
He was much concerned about the chemical properties 
of atoms and their numerical relations, undertaking to 
show “that the number of 44.45 plays an important 
part in the science of stoichiometry, and that the rela- 
tions which depend upon it are supported, in some 
cases at least, in a remarkable manner, by analogies of 
atomic volume.”’ This relation was found to extend 
to no less than 48 of the elements. The first germs of 
the periodic law, not, however, clearly enunciated, 
were in his thoughts. And in 1875 and 1876 he pub- 
lished two ingenious papers on the color relations of 
ions, atoms, and molecules. 

As early as 1858 Lea became interested in picric 
acid, giving a new method for its preparation and also 
descriptions of many new salts including the urea and 
quinine picrates. He concluded that picric acid was 
wholly unreliable as a test for potash, and, indeed, a 
better test for soda. 

Shortly after the beginning of the Civil War he 
advised the United States Government that picric acid 
would be an explosive of greater power*than black 
powder. Its smokelessness appealed to him as an 
advantage. The federal government, however, failed 
to appreciate the importance of using an explosive 
outranging anything in use at the time, and it was 
not until 50 years after that high explosives on a 
picric acid basis were adopted. 

To separate the ethylamines Lea recommended the 
use of their picrates: triethylamine picrate being 
extremely insoluble, diethylamine extremely soluble 
and ethylamine intermediate. He gave some consider- 
ation to the methyl bases and the preparation of urea— 
with good and definite results. By the interaction of 
naphthylamine and sulfuric acid he obtained ionaph- 
thine—a new coloring matter. On dropping a bit of 
gelatine into a mercuric nitrate solution the latter grad- 
ually assumed a deep red coloration—a new and valu- 
able test for gelatine. Lea did not regard as reliable 
the determination of the melting point of methyl oxalate 
as a means of ascertaining the purity of methyl alcohol 
(containing ethyl alcohol). For the detection of prussic 
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acid he suggested the addition of a ferrous salt con- 
taining a little uranic nitrate, when a beautiful purple 
colored precipitate was formed. A great increase of 
delicacy in the reaction between starch and iodine was 
observed by Lea on adding chromic acid to the solution. 
He also wrote on a new method of determining the rela- 
tive affinities of certain acids, which was based on the 
amount of base which it can retain in the presence of 
a strong acid selected as a standard of comparison for 
all acids. Two new methods were proposed by Lea 
for the reduction of platinic to platinous chloride—one 
by the action of potassium sulfite, the other by that of 
alkali hypophosphites. He also demonstrated that 
a solution of iodoquinine affords a means of detecting 
free sulfuric acid, even in traces, in presence of com- 
bined sulfuric acid. 

In a collection of miscellaneous pamphlets, once 
the property of Carey Lea, are several contributions of 
Carl Claus on ‘‘Chemie der platinmetalle” fully anno- 
tated in the marginal way, thus revealing that Lea had 
more than ordinary interest in this very important 
group. He studied its members with care, using 
material furnished by his former teacher, James Curtis 
Booth. Among the new facts disclosed by him is the 
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use of oxalic acid for the first time in purifying ammo- 
nium iridium chloride, and the discovery of a reaction 
for ruthenium which proved most helpful. If to a 
solution of sodium hyposulfite there be mixed am- 
monia and a few drops of ruthenium sesquichloride, a 
magnificent red-purple liquid will be produced, which, 
unless quite dilute, will be black by transmitted light. 
The chief value of this test was found to lie in the fact 
that it is capable of detecting ruthenium in the presence 
of iridium. Lea thought it valuable in testing the 
purity of iridium for “‘if the suspected iridium salt be 
boiled with hydrochloric acid and ammonia added until 
the liquid assumes a pale olive color, then, on adding 
the hyposulfite and boiling, any increase of color 
indicates the presence of impurity. If the liquid 
acquires a red color, ruthenium is present; if a wine 
color, platinum is probably present, and if brown, 
palladium is indicated.’ Lea applied ruthenium 
sesquichloride to detect sodium hyposulfite. 

An adequate idea of Lea’s voluminous work, as 
investigator, cannot be given in a narrow compass, such 
as this article. The student should turn to the pages 
of the American Journal of Science, beginning with 
the year 1858 and read forward to the year 1897, 
then some deduction may be drawn of the vastness of 
Lea’s labors. These papers deserve very careful study. 
There is such an abundance of originality in them. In 
the volume of the Chemical News for 1862 will also be 
found four additional contributions. A review of all 
this material would furnish many topics for seminar 
consideration. 

But the greatest of all Lea’s efforts to extend the 
borders of human knowledge are those dealing with the 
chemistry of light; for in photochemistry he was a true 
pioneer. He blazed the way. Quite early in his life 
the startling invention of photography from the hands 
of Daguerre drew his most thoughtful attention. He 
saw its enormous possibilities and promptly began a 
fundamental study of its chemistry, also its physics, 
and its practical value. From this study came the 
only book he ever wrote, entitled ‘‘Photography.” It 
passed through two editions and was everywhere re- 
garded as standard. Its perusal reveals the masterful 
mind which prepared it. It is absolutely scientific in 
its discussion of the problems of photography. But, 
foreign scientists were first in recognizing the value of 
Lea’s efforts in this new field. They declared them to 
have a lasting, permanent value, in scientific photog- 
raphy, and that they were all fundamentally important 
in physicochemical research. Indeed, these researches 
were genuine classics. For colloid chemistry they 
possessed an ever increasing interest and value. Lea’s 
“colloid silver’ and “photohaloids’” were translated 
and heralded abroad as epoch-making studies. Per- 
haps it is somewhat of a reflection upon American 
chemists that the importance of these studies was first 
emphasized by foreign chemists. However, other 
American laborers in the field of chemistry had their 
remarkable discoveries pass unnoticed, until attention 
was drawn to them by the regard in which they were 
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held by coworkers in other lands, as for example— 
J. Willard Gibbs and his phase rule, Robert Hare and 
his classic work on the electric furnace, and others. 

To be the discoverer of the amorphous forms of 
silver is no mean distinction. When these come 
under the eye of chemists enthusiasm is immediately 
kindled, and there arises an inquiry as to their dis- 
coverer. 

As remarked, few chemists knew Lea personally. 
He was a recluse in a certain sense, for he rarely ap- 
peared in the company of scientists or other groups of 
men. Quietly, unostentatiously, he iabored on very 
independently, until his contributions to purely photo- 
graphic subjects reached the number of 300, to be found 
on the pages of the English and American journals 
devoted to this subject, while no less than a hundred 
papers devoted to more special chemical matters are 
found on the pages of the American Journal of Science, 
to which reference has already been made. 

In addition to his numerous chemical papers Lea 
published many others in the domain of physics. He 
further elaborated certain pieces of apparatus which 
proved helpful in laboratory work. And thus the course 
of his scientific endeavor proceeded, for he was a most 
industrious worker in all regions of his favorite science. 
He was a very acute observer. He knew the literature 
of chemistry, both past and present. He had an intense 
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love of truth. He always had in hand the facts upon 
which he based expressed opinions. His opinion was 
recognized as the final opinion in photographic chem- 
istry both in this country and in Europe. He was 
likewise devoted to literature, the classics, and art. 

For one so eminent in his science he belonged to 
few scientific organizations—viz., the Franklin Institute 
and the National Academy of Sciences, to which he 
was elected in 1895. 

An accident in his laboratory, in early life, so seri- 
ously injured one of his eyes that it eventually was 
removed. His devoted wife read to him for many 
years so that he was able to keep up his interest in 
the current work of scholars at home and abroad. 

Carey Lea was the son of Isaac Lea, a distinguished 
naturalist, who served as president of the Academy of 
Natural Sciences in Philadelphia, and of the American 
Association for the Advancement of Science. It was 
an old Quaker family into which Carey Lea was born 
August 18, 1823. He was married twice, first to his 
cousin, Elizabeth Lea Jaudon, and after her death to 
Eva Lovering. Carey Lea died March 15, 1897. 

The various apparatus owned by Lea was be- 
queathed to the Franklin Institute in Philadelphia. 

The life story of Lea is most interesting. He 
was, indeed, a bright star in the chemical firmament 
of America! 


A Simple Demonstration of the Law of Conservation of Mass 


LOUIS WEISS 


Metropolitan Vocational High School and New York University, New York City 


‘_ne REACTION between lead acetate and potas- 

sium chromate in a closed system is used by most 
teachers in demonstrating the law of conservation of 
mass. Some deviate from this practice by precipitat- 
ing another substance or by decomposing sugar or 
ammonium dichromate in an evacuated flask (1). The 
precipitation is preferred to the decomposition reac- 
tions because of simplicity of preparation and increased 
safety of operation. Recent articles (2) suggest modi- 
fications of the apparatus used to demonstrate the pre- 
cipitations. 

Most courses of study used in secondary schools and 
colleges present the law of conservation of mass after 
the study of oxidation and Lavoisier’s experiments on 
metals and their oxides. The concepts of solution, sus- 
pension, precipitation, etc., follow much later. In us- 
ing the precipitation of lead chromate to demonstrate 
conservation of mass, the author has found that the 
questions asked by the students are chiefly concerned 
with the names, formulas, and uses of the reactants and 
products, as well as the definition and theory of pre- 
cipitation. The entire purpose of the lesson is obscured 
by this untimely introduction of new substances and 
phenomena. This practice is pedagogically unsound. 


To overcome these difficulties, a photoflash bulb was 
counterbalanced, ignited by means of the electric cur- 
rent, and weighed again after cooling. The entire ex- 
periment can be performed during the lesson in a few 
minutes without time-consuming preparation. Special 
bulb holders with dry cell batteries, such as used by 
photographers, may be purchased or easily constructed. 

In spacious lecture halls where larger balances are 
used for increased visibility, several photoflash bulbs 
may be used at once. The bulb which is attached to 
the source of electricity may be held next to the others 
when igniting... The light energy will set off the others 
within a fraction of a second. 

This simple experiment is much more spectacular and 
stimulating than precipitation or decomposition reac- 
tions. It is more easily understood by the students and 
serves as excellent motivation for the review of the 
oxidation of metals previously studied. 
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The Importance of Technical Writing 
in Chemical Education’ 


FLORENCE E. WALL 


General Aniline and Film Corporation, Easton, Pennsylvania 


HE GENESIS of this paper may be found in a few 

paragraphs of another paper presented before this 
Division, in which were discussed various ways of 
utilizing a chemical education after it has been acquired 
(1). That paper, born of several years of an amateur’s 
experience in vocational guidance, helping worried 
unemployed chemists to find satisfactory places for 
themselves outside of chemical laboratories, mentions 
“the dire need for the study of English.” Present 
conditions are admittedly quite different—what with 
five or six eager employers stalking every available 
qualified graduate—but the fact still remains that 
ability in the use of good English, both oral and 
written, is still one of the best assets that the well- 
trained chemist can offer. 

Through lack of clear understanding of just what the 
‘‘professional chemist’ is supposed to be and do, the 
value of good English is frequently ignored. While the 
occupation of chemistry may be considered to be 
limited to actual work in a laboratory, any concept 
of the profession of chemistry should be extended into 
the background of any occupation in which the trained 
and experienced chemist may be engaged. Just as 
those in other professions maintain a consciousness of 
their professional status and designation—though the 
lawyer become a distinguished editor, the physician, 
a Senator, the engineer, a President—so should those 
trained in chemistry. If all professional chemists, 
whether in teaching, business, or industry, had the 
same appreciation of good technical English, as one of 
their most valuable instruments of precision, life would 
be much simpler not only for the librarians and ab- 
stractors whose problems are the subject of this sympo- 
sium, but especially for the editors and publishers of 
the books and periodicals that comprise the material 
on which they all work. 

According to The American Institute of Chemists: 


The practice of chemistry involves a wide range of activities 
and responsibilities .... The chemist must be qualified by 
education and experience to ascertain the facts of chemistry 
and interpret them so as to benefit humanity and accelerate 
progress. He should be capable of converting his highly special- 
ized knowledge into a language readily understandable by the 
nontechnical person of average intelligence.... 





* Presented before the Division of Chemical Education of the 
American Chemical Society, 106th meeting, Pittsburgh, Pennsyl- 
vania, September 7, 1943. 


The training for the profession of chemistry must be broad 
enough to enable the chemist to appreciate the value of cultural 
subjects, such as art, music, literature, and philosophy, and to 
safeguard him from the danger of becoming merely a nonsocial, 
narrow-minded, individualistic experimenter in chemistry. A 
training for the profession of chemistry, to be adequate, must 
enable a man to serve well in chemistry and at the same time 
prepare him to be a useful and respected citizen. Service in 
chemistry often requires highly specialized knowledge. This is 
best built on a solid foundation of a properly balanced com- 
position of scientific and cultural studies... (2). 


“Culture” here means anything that gives one a 
broader view of his place in society. Those trained for 
work in science or industry are inclined to look askance 
at anything labeled “cultural,” as something quite 
irrelevant and superfluous. They do not need it to 
earn their living; therefore, why bother about it? 

There may be many vocations in which general cul- 
ture and intelligence are not essential, but the technical 
professions are not among them. The use of language 
classifies a person much more sharply than dress does. 
The professional man does not always remain in the 
technical side of his field. He frequently becomes a 
man of affairs—an officer or a director—where a liberal 
education is more essential. In conversation, earnest- 
ness and force may help to counteract bad spoken 
English, but badly written English remains. If a 
technically trained man, presumably educated, cannot 
spell correctly or use good grammar (and many univer- 
sity graduates cannot) it is frequently difficult to con- 
vince others that he is qualified professionally. Many 
unsuspected factors are closely associated in this: good 
speech, good social contacts, good advancement. 
Granted that the use of ungrammatical English may 
not prevent financial success, it has been known to 
hamper any rise to prominence in the social world. It 
is unfortunate that higher education for the professions 
is almost entirely technical; and that in schedules as 
badly crowded as most of them are, cultural subjects 
are considered as nonessential and therefore ex- 
cluded (3). 

This attitude has been unfortunately prevalent 
among chemists and engineers, but the latter group 
have done something about it officially (4, 5, 6). As 
a typical and well-known professional group whose tastes 
are not literary, engineers have been subjected to ‘a 
long period of criticism and organized efforts toward 
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the reform of their spoken and written English, under 
the auspices of the Society for the Promotion of Engi- 
neering Education. One article entitled ‘‘Us engi- 
neers don’t need no English” (7), is a delightful presen- 
tation of the problem, in which the author satisfactorily 
proves that the engineer (read also chemist by implica- 
tion) needs not only the fundamentals of good English 
and fluent application of it in rhetoric and logic, but 
also other seemingly irrelevant qualities, such as control 
of will, instinct, and emotion, good imagination, and 
some good humor (‘‘the lubricating oil of the mental 
machinery of the world’’). 

Another author (8) believes that it is the last-named 
“saving grace,” and his traditional easy-going manner 
and good nature that help the engineer to stand all the 
criticism which has been his lot. The importance of 
this in relation to chemistry was given official recogni- 
tion by that hardy old crusader, H. W. Wiley, in com- 
menting on the ideal approach to chemistry on various 
educational levels: 


...In High School, only the explanation of common phe- 
nomena should be given. The emphasis should be on English 
and expression. Lack of this leads to inexact, clumsy, and in- 
consequent English (9). 


In the face of the perennial criticism of the poor English 
written and spoken by chemists, it would seem appro- 
priate for some official organization interested in the 
professional welfare of chemists—possibly this Division, 
for a symposium of this kind might well serve as a 
beginning—to take our problems to heart in a similar 
manner. , 
Ruskin said many years ago (11): 


The chief vices of education have arisen from the one great 
fault of supposing that noble language is a communicable trick of 
grammar and accent, instead of simply the careful expression of 
right thought. 


No student will acquire any power over his language 
until he respects it as his mode of expression for thought. 
The study of English should thus be made, not merely 
an end in itself, but a means to many useful ends. 
One cannot, after all, merely “express (period)”; 
one must express something. 

Thought, in mankind, falls into two great divisions: 
literature and science. Philosophy, which might be 
considered a third division, is really a commentary on 
both; for either literature or science eventually be- 
comes a philosophy. Any education should be con- 
sidered incomplete and unbalanced that does not in- 
clude all three (10). 

There are two good reasons for the study of English 
by scientists: a need for (1) composition, to teach the 
scientist how to express himself in writing and in 
speech, not only with grammatical correctness, but also 
with order, force, sincerity, and personality; and (2) 
literature, for its broadening and humanizing influence, 
which is so necessary for the technical man. The estab- 
lished connection between literature and _ science 
must be important or there would not have been so 
much written on it. Obviously, however, there has 
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not been sufficient thought about it, or conditions would 
have improved (10). 

Clear thinking on a subject, then, is the prime essen- 
tial for any form of expression on it; but thought must 
be organized and presented logically, and for this there is 
no short cut to success. Regardless of the fact that a 
person may have used the English language all his life, 
ability in technical writing can be acquired only by 
serious study of the principles of composition, and by 
constant practice and self-criticism. 

The aversion to the study of English frequently has 
its roots in high school. Many students bring to college 
a cordial distaste for anything related to the study of 
English, with its daily themes, the diagramming and 
parsing of sentences, the mangling of otherwise inter- 
esting and really enjoyable plays and novels, the 
memorizing of long passages of flowery poetry, and 
other unpleasant associations. It is no wonder that 
with the exception of those that require English for a 
major or minor subject, such students drop all thought 
of English as soon as they complete the courses re- 
quired in their freshman year. For their future wel- 
fare this is most unfortunate; for if it is only taught 
properly in high school, the study of English can be 
happily correlated with progress in science classes. 
Under such a mutually beneficial arrangement, both 
oral and written exercises in narration, description, 
and especially exposition, can be worth double credit 
if they are based on topics or experiments in the 
science classes and—most important—marked by 
both teachers (1, 12). 

Most bad English comes from carelessness. Many 
students ‘‘pass grammar’”’ along with other subjects in 
elementary school, thereby mentally dumping it over- 
board, and shutting their minds to all further need for 
it. Although the mental capacity continues to grow, 
and the accompanying need for expression leads to 
considerable enlarging of the vocabulary, the knowl- 
edge of principles remains frozen at the elementary 
level, abandoned with other childish occtfpations and 
interests. This is most unfortunate. Grammar and 
spelling (which, thanks to modern so-called Progressive 
Education, is now almost as extinct as the dodo) con- 
stitute merely the skeleton of good English. One must 
embellish this with rhetoric and oratory, through appli- 
cation of the laws of composition, order, and construc- 
tion. Only thus can the minds of others be made to 
follow where one’s thought would lead them (3). 

Language, then, should serve to express our thoughts, 
not obscure our meaning. It may not be so important 
to common laborers who work with their hands and may 
have relatively few thoughts to express. But this 
should not serve as an excuse for technically trained 
people. They, too, work with their hands to some ex- 
tent, but sooner or later they are likely to levitate into 
some position which demands supervision and direction 
of the work of others. In the skilful use of language 
lies one of the differences between the scientist and the 
politician. The latter may take advantage of a hypno- 
tizing emanation of sonorous, beautiful English to 
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obscure his meaning—or conceal his entire lack of it; 
in other words, he ‘‘says nothing, but says it beauti- 
fully.”” In general, there should be no virtue attached 
to the use of good English; but the use of poor English 
should be considered rather a disgrace. This offers 
another application of the old truth, that to the just, 
the law is no burden, but the criminal finds himself 
continually hampered by it (3). 

But to what end all this? To too many profession- 
ally trained persons, all technical papers are dry at 
best. They simply must be swallowed. with as little 
discomfort as possible; therefore the English used is of 
little consequence. Fortunately for other technically 
trained persons—the readers—the exact degree of aw- 
fulness of some writing on technical subjects is shielded 
from them by the selfless slaving of the editors of 
scientific and technical books and periodicals. 

While, ultimately, this may be good from the public 
_ relations viewpoint, this anonymous service rendered 
by editors and publishers actually serves to cripple the 
authors mentally. Knowing that their literary effu- 
sions, however atrocious, will be “‘all fixed up’’ before 
publication, they go blithely on their way—and the 
next contributions from the same persons will un- 
doubtedly be just as bad. It seems like an odd quirk 
of mental perversity that an otherwise keen and 
brilliant mind should be so singularly obtuse on any- 
thing so close to its own interests. It is a rare pro- 
fessional man that will take seriously the hints implied 
in lavish “‘blue pencilling’’ of his material, and enrol for 
a course in writing, or coach with a professional literary 
critic. The repeated correcting of poorly written 
articles is like veneer over inferior material. 

The urge to write, to express one’s self and leave a 
record of one’s experiences and accomplishments, is 
only human and normal to every healthy-minded 
technical person. This, if anything, is a manifestation 
of the possibility of immortality as Ostwald has ex- 
pressed it so beautifully in ‘Individuality and immortal- 
ity,” the Ingersoll lectures delivered while he was 
Exchange Professor at Harvard, in 1906 (13). The 
end and aim of scientific research is at least indirectly 
altruistic, for it is usually undertaken to make the way 
clearer and easier than it was before. The scientist 
knows that if he hoards an idea it may become valueless. 
It must be shared; therefore the end of research is 
publication (10). 

Science alone is interesting, but to write about 
science is not easy. It demands a rich vocabulary, with 
a good knowledge of synonyms to express various shades 
of meaning, and a strong, positive command of lan- 
guage. But the language should be simple and natural— 
not “‘the flowery and inflated circumlocution which, 
in badly educated persons, is confounded with beauty 
of style (8).”” The cardinal secrets of good style are 
simplicity and conciseness. Writing on a subject is 
much better mental discipline than reading about it; 
one is active, stimulating to constructive thinking, 
while the other is passive. Trying to write about 
something makes one think. It requires study, in- 





JoURNAL OF CHEMICAL EDUCATION 


spires to improvement, stimulates research to broaden 
one’s knowledge, and thus soon helps one to become an 
expert (10). 

But writing is an art, just as music, painting, and 
sculpture are arts; and, like them, writing is most 
successful only when native gifts are assisted by study 
of fundamental principles and much faithful practice. 
It would be admittedly foolhardy—professional suicide, 
in fact—for a person to step out on a public platform 
and attempt to give a recital, vocal or instrumental, 
without being more than adequately prepared. Yet 
day after day, and year after year, writers on scientific 
subjects perform equivalent acts of folly when, re- 
gardless of how well they know their subject, they 
attempt to write about it without first mastering the 
basic principles of how to write. 

Granted that most of the reason for the sad state of 
affairs lies in the secondary schools, and that the col- 
leges should not be expected to compensate for what 
was not correctly learned in high school, some thought 
should be given to equipping technical graduates so 
that they will be able to meet at least some of the fol- 
lowing demands which will be made upon them: 

Letters: In normal times (that is, not in wartime, 
with its exceptional demand for chemists and other 
scientifically trained personnel), the first call on one’s 
talents is usually in the writing of a letter of application 
for a position. 

The art of letter-writing is commonly believed to be 
within the skill of everyone, but every employer knows 
that this is not so. Because business correspondence 
is often needlessly prolonged through inaccuracy of 
expression and misunderstanding, most advertisements 
for Help Wanted demand ‘“‘full details of education, 
experience, age, and salary expected, in first letter.” 
If scientific English is (or should be) the most exact 
English one can use, then the language of business 
should be counted second. In business correspondence, 
good usage in grammar, spelling, punctuation, and 
composition is vital. 

The technical man is frequently inclined to gloss over 
bad spelling and poor grammar, because if no technical 
error is involved he considers them unimportant. 
Many of the generation now leaving school have never 
been taught to spell (nor to read intelligently, nor— 
Heaven help us!—to write anything but ‘‘manuscript 
writing,” 7. e., printing). What they acquire must be 
learned cold, by much thumbing of a dictionary— 
which may be good mental discipline, but certainly is a 
serious waste of an employer’s time in a business office. 
As mentioned earlier, spelling and grammar are im- 
portant for the impression they make on most readers 
and for the extent to which they contribute to the 
opinion formed of the writer of a letter. More than 
one discouraged reformer has expressed the earnest 
belief that no one should be granted a diploma unless 
he can spell (and pronounce) English (3). 

The writing of good business letters implies sound 
knowledge of the fundamentals of good English, 7. e¢., 
ability to organize thought; clearness, conciseness, and 
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proper emphasis in expressing it; consideration for the 
reader (popularly called the ‘‘You-attitude’’); and 
good vocabulary, free of slang, colloquialisms, and 
solecisms. No longer can one depend on “‘The Com- 
pleat Letter Writer’ for the writing of a successful 
letter. It can be learned only by the mastery of cer- 
tain basic principles, and constant practice, accom- 
panied by careful, constructive criticism (14, 15). 

Records: Assuming that the candidate has success- 
fully started on his work, no matter what is the nature 
of it, some form of record must be kept. This may be 
anything, from the mere jottings of numbers in a 
rough notebook, to more or less detailed reports. The 
keeping of any form of record demands clear thinking, 
the ability to organize science material, and to dis- 
tinguish between results and conclusions. 

Literary Research: Up a notch or two, the technical 
worker may be assigned to do research in the libraries. 
This implies acquaintance with the literature of special 
fields, the relative value of sources, the ability to write a 
good abstract, digest, summary, or survey of books and 
articles, and assemble a good bibliography. Good 
library research is prerequisite to good laboratory re- 
search. 

Some knowledge of foreign languages is essential for 
this type of work, as one cannot burrow far into the 
literature of chemistry without meeting the need for at 
least German and French. Most curricula for the 
professional education of chemists provide for some 
degree of proficiency in these two languages. No 
longer can we pass over Russian as “‘the coming 
language in science’; it has arrived, and we may as 
well be prepared for it. French presents relatively 
little difficulty, but scientific German is almost like 
another language. In the unscrambling of the in- 
volved constructions, which frequently telescope whole 
descriptive clauses into long-strung-out adjectives, the 
uninitiated meet trouble. True, one can use a diction- 
ary; but ‘dictionary English’ is usually anything 
but edifying. 

The ability to translate a foreign language smoothly, 
idiomatically, and with scientific accuracy, is a gift all 
too rare. Many researchers, discouraged by the in- 
adequate knowledge of both the foreign languages and 
English on the part of American graduates, have turned 
for assistance to foreign-born newcomers. Many 
among the latter seem to feel that because European 
languages are native to them they are qualified for their 
translation. Employers have found this expedient both 
disappointing and expensive in many instances, and the 
pitiable compositions that result from this mistaken 
notion should spur English-speaking students on to im- 
proving their knowledge of both the foreign languages 
and the technical English writing required. 

Reports: The importance of reports in the career of 
the professional person is attested by the number of 
books and articles written on this subject (16-23). 

Fundamentally, a report is a communication of in- 
formation for some particular purpose, and it must, 
therefore, meet certain conditions. The types of 
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reports are as varied as the needs may require. They 
may be formal (third person), or informal (first per- 
son); they may be descriptions of operations or proc- 
esses, checks on progress, or summaries of programs of 
research; they may be interoffice, interdepartmental, 
for directors, for technically trained, or for lay readers. 
In any type of report a good knowledge of the forms of 
composition is prerequisite—narration, description, 
and especially exposition, which is necessary for ex- 
planations and directions. Fundamentals of good 
grammar and punctuation are most important here; 
a misplaced comma may cause trouble and even in- 
volve expense (24-29). 

Writing for Publication: There comes a time in the 
life of practically every professional person when he 
feels the urge to do less “‘practical’’ work and more 
writing. As related by Wohler and Liebig in their 
published correspondence, even the best of chemists 
occasionally become tired of working only at chemistry 
(30). Most of them turn first to writing—which, 
incidentally, should not detract from their professional 
chemical status. 

Aside from books, for which the responsibility is 
usually shared by author and publisher, the media for 
self-expression are periodicals of three principal classes: 
(1) scientific journals, for pure or applied science; 
(2) trade papers, for some particular trade or industry; 
(3) ‘consumer papers,” for nontechnical readers. 

The editorial requirements of each type of publication 
are usually carefully delimited, and contributions are 
supposed to conform to them. It is an exceptional 
writer who can shift his editorial point of view and tell 
his story in more than one way, depending on the 
needs of different papers. The right point of view is 
everything. If, for instance, an editor requests an 
article of 5000 words on the work of the chemist with 
an insurance company, he is rightfully disappointed 
and annoyed when he receives about 2000, in the form 
of a “‘literary mosaic,’”’ pieced together from technical 
encyclopedias and reference books, on the fire and 
health hazards of certain chemicals. Many analo- 
gous examples come to mind. 

The writing of reviews also comes into consideration 
here. More than once has help been asked by someone 
that ‘‘wanted to break in with just a book review.” 
Verily, ‘“‘Fools rush in where angels fear to tread.”’ 
Such persons usually soon show that they do not under- 
stand the difference between an abstract (simply the 
digest of another author’s work) and a review, which 
should be a fair critical appraisal, presumably made by 
a qualified expert for the guidance of others who might 
wish to read the book. Reviewing, therefore, infers 
much more experience and judgment than is required 
for abstracting. 

The most important form of writing for publication 
is the editorial itself, in which the titular head of the 
staff of a publication has the privilege of expressing 
himself, in furthering the policies of an organization or 
the special interests of some specialized group in trade 
or industry, or just in helping to mold the opinion of 
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his readers. Because of the influence it may carry, 
the value of a strong editorial policy cannot be over- 
estimated; therefore the writing of good editorials 
on science and technology is usually entrusted only to 
those with a firm foundation and good background in 
their profession, as well as good writing ability. 

The fact that a trade paper is directed toward, and 
presumably will be read only by, so-called ‘‘practical 
people” may be a reason but it is certainly no excuse for 
indulging in English that is sloppy to the point of il- 
literacy. Jargon is jargon, no matter who is expected 
to read it (4, 8, 31). ‘‘Easy writing makes hard read- 
ing’; and vice versa. Many publishers and printers 
of scientific and technical books and periodicals employ 
trained editors who really edit, 1. e., prepare material 
for publication (32). Others leave all such details 
to the author, with the result that many publications 
are woefully careless and uneven, and frequently so 
badly written that only the direst need of information 
could induce a reader to consult them more than once. 

Recognizing the importance of accuracy in the publi- 
cation of material on science, many editors and pub- 
lishers issue special instructions to prospective authors, 
reviewers, and abstractors. As suggested before, if all 
contributors could be persuaded to conform to them, 
life would be easier and sweeter for many of those whose 
papers are to follow this one (33 40). 

Even a skimming of the foregoing brief summary of 
technical writing outlets should convey the idea that for 
anything of the kind know-how is of the utmost impor- 
tance. The American Institute of Chemists, although it 
specifies 12 credit hours of English, does not suggest 
how or when these should be taken (2). Therefore it 
seemed important to ascertain the number and nature 
of available courses through which an aspiring writer 
could acquire necessary knowledge and skill. 

The labor of making a complete survey of possible 
courses on technical writing was considerably lightened 
by A Study of Courses in Technical Writing, an ex- 
cellent and seemingly most complete treatise by A. M. 
Fountain (41), based on the efforts of the S. P. E. E. 
Although the subject is discussed primarily for the 
benefit of engineers, much of the information is of equal 
value for chemists and for other technically trained 
persons. It was encouraging that of the 117 institu- 
tions covered (out of 121 members of the Society), 
76 offer courses of various types; 41 had none. 

To supplement this study with information more spe- 
cifically applicable to curricula for training in chemistry, 
the catalogs of 40 colleges and universities were care- 
fully searched for suitable or adaptable courses. Of 50 
catalogs, from institutions mostly in New York, New 
Jersey, and Pennsylvania, several of which published 
separate editions for day, evening, and extension 
classes, about 20 had nothing of the kind in either the 
department of English or chemistry. 


+ A few more are doubtful, because courses with such titles as 
“Writing for publication,’ ‘Expository writing,’ and similar 


unspecific designations may or may not include information on 
scientific and technical subjects. 
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Most of the courses offered are in the English De- 
partment of the institution, with such titles as ‘“‘Eng- 
lish composition for students of cience,’’ ‘English for 
technical students,”’ ‘“Technical English,’ and “‘Tech- 
nical composition.”’ ‘The descriptions indicated that a 
few of these courses comprise also some study of 
library facilities and reference literature; a few others 
listed ‘‘History and literature of chemistry’ and 
“Chemical bibliography,” which may or may not cover 
some information on writing itself. 

It was a surprise to discover that of the 13 women’s 
colleges represented only two listed courses with un- 
equivocal titles, though women students are un- 
doubtedly admitted to the courses given at coeduca- 
tional institutions. To one that remembers (and fre- 
quently contributed to) all the eloquence that was 
expended during the past 10 or 12 years, on opportuni- 
ties for women in chemistry, when and if any, this dis- 
covery was really a blow. There we were, exhorting 
the colleges to train their women students of chemistry 
in “specialties that may be considered more appro- 
priate to women’s interests’’—and always prominent 
among these allegedly lady-like and genteel chemical 
occupations were literature searching and library 
work! Come peace again, when the thousands of 
girls and women will again be barred from the plants, 
it would seem as if Something Ought To Be Done about 
this (1, 42-55). 

Finding properly qualified teachers for courses in 
technical writing has not been too easy. The survey 
by Fountain revealed that most of the courses offered 
the engineers are given in the Department of English, 
and by teachers of English. A few of the instructors 
here and there are engineers who have taken supple- 
mentary work—even to higher degrees—in English. 
This would be the ideal arrangement for teachers of 
technical writing for chemists. Any instructor needs a 
broad background in both English and science; the 
grace of adaptability in understanding the needs of the 
individual student; some knowledge of methods of 
teaching; and much psychology (56-58). 

The average teacher of English is neither adapted to 
nor interested in the teaching of technical writing; and 
a glance through the offerings of a typical Department 
of English readily shows why this is so. Courses in 
forms of composition are fairly stereotyped; literature 
may comprise anything in the whole chronology of 
recorded writing in English, with whole or half courses 
devoted to certain centuries, or to the works of indi- 
vidual writers; and language may mean anything (ex- 
cepting current ‘“‘English as She Is Spoke’’) back to 
Anglo-Saxon and Icelandic. 

The matter of a course in technical writing may well 
become fascinating to anyone that will give it the proper 
time and thought. Quantities of exercises on grammar 
and structure, culled from handbooks of composition, 
the public press, and contemporary books and periodi- 
cals on science (4, 8, 14, 26, 59); the writing of letters, 
abstracts, reviews, essays, and editorials on timely 
topics; and as for literature ...! Much practical 
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help, as well as inspiration and genuine enjoyment, 
can be derived from the reading of good writers on 
scientific subjects. Of an older generation, Huxley, 
Tyndall, Ruskin, and others have left many beautiful 
examples (10, 60); in more recent times, anything by 
Robert Kennedy Duncan, E. E. Slosson, and Elwood 
Hendrick. Of the steadily rising flood of literature on 
science, indicating that contemporary writers are legion, 
it must be said in all honesty that much of this output 
is good science, some of it is good writing, but rela- 
tively little of it is both (61,62). If, as it has been said, 


History affords abundant evidence that civilization had ad- 
vanced in direct ratio to the efficiency with which the thought 
of the thinkers has been translated into the language and under- 
standing of the workers (63), 


then, of all our contemporaries, special mention should 
be made of those interpreters of science for both sci- 
entists and laymen—writers like Watson Davis, and, 
to a man, that small but select group of writers on 
science for the public press, all of whom are skilled in 
their craft. 


A symposium of this kind is not the place for a de- 
tailed syllabus on the subject, but here are a few ex- 
amples of what seem to be some major faults in tech- 
nical writing today: 

1. Titles: Many authors seem not to understand 
the difference between a title for a paper and the sub- 
ject of it. Long hoarded for this paper was the title, 
“Chemical English as She Is Writ,’”’ but it was finally 
rejected because it does not accurately indicate the 
content. Granted that indexers need adequate infor- 
mation in the titles of published papers, our current 
scientific literature abounds in ugly and unwieldy 
headings for articles. A few selected at random are: 


An analysis of the results of the cooperative test service ex- 
amination in determining teaching effectiveness. 

Course for students who have had high-school chemistry and 
its achievement. 

Suggestions to authors of papers submitted for publication in 
the United States Geological Survey, with directions to type- 
writer operators. 


A little thought will suggest the means of converting 
subjects into titles. Incidentally, titles with “How 
to...” are among the weakest of all. 

2. Misuse of Verbs: Confusion of procure, secure, 
assure; ascertain and determine; obtain, get, attain, 
achieve; imply and infer; even bring and take, shall 
and will,-come and go. Most of these words are used 
loosely because we take them for granted. It would 
be a good idea to look for them in a good dictionary. 

3. Preposition-Verbs: A heritage from our good old 
Anglo-Saxon ancestry of language; currently can be 
considered Germanisms. These are bad enough in the 
infinitive, but conjugating them leads to such awkward 
locutions as: 


Has been objected to 
Will be come in contact with 
Is likely to be met with 






The first thing to be got rid of 
An important point which must be taken advantage of 


A little thought, a little change in construction, can 
usually say the same thing better with the use of Latin 
derivatives; it is just another manifestation of rivalry 
between North and South. 

4. Adjectival Nouns: Common in ‘‘journalese,”’ 
particularly ‘“‘headlinese,’’ but to be deplored in good 
English: 


Research role 

Industry bombing strategy 

Teachers urge wider foreign tongue study 

Hindu iron knowledge refuted 

Mayor recommends granite use 

The University of Arizona Bureau of Animal Industry pro- 
fessor 

The Emergency Alternate Provision for the American Society 
of Testing Materials White Floating Soap Provision 


The language of professional education (‘‘Peda- 
guese’”’) also abounds in these expressions. Every 
teacher will recognize: 

Teacher education 

Student sectioning 

Pupil participation 

Subject matter instructors 

Student teaching supervision 

5. “Elliptical Adjectives’: Descriptive clauses tele- 
scoped into a word or two; much used in breathless 
“plugs” on the radio: 

Nutritional knowledge 

Interior egg quality 

Wartime planning for resource use 

Woman an invisible glass pioneer (meaning Dr. Blodgett) 

Improved desiccator for organic students 

Rubber cartel . . . to include synthetic producers 
The literature of chemistry is saturated with examples 
of (4) and (5). 

6. Wrong Possessive: According to an old rule, only 
animate things can be associated with the possessive 
case; yet-scientific papers, as well as newspapers, 
abound in: 


Science’s sacred flame 

Impact of war production on synthetics’ employment 

Manager of the Institute since its founding 

Synthetic rubber and suggested methods for its preparation 

His return, his death. (Two things a man may never possess) 

7. Relative Pronouns: There are those that believe 
there is no difference in the use of who or which and 
that, and who, consequently, use them indiscriminately. 
Others seem to feel that it is disrespectful to use that 
in reference toa person. The distinction in the correct 
use of relative pronouns is most important, especially 
in scientific publications, and it can be determined 
simply on the basis of need. If what follows the rela- 
tive is needed to complete the sense of the sentence, 
that should be used; if it is something additional, who 
or which is correct. Consider the difference in sense 
and implication between 


He will read a paper that will be most important to the group, 


and 
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He will read a paper, which will be most important to the 
group; 


and then carefully criticize on this point the next 
paper you either read or write. - The best of writers will 
be caught in error on it. 

One could go on and on, but these few suggestions 
should be sufficient to make you observant and criti- 
cal—especially of this paper! 

For anyone that elects to write about writing, es- 
pecially about technical writing, can expect readers 
to rise with avidity and tear the composition to pieces. 
Riskier than ‘‘putting one’s head into the jaws of the 
lion,” this is tantamount to tying a ribbon on the lion’s 
tail and inviting him to bring his jaws right around. 
Any critical analysis that might be made of this paper 
would be accepted as a compliment; and it is hoped 
that at least 10 of the errors that were intentionally 
planted in passing will come to light in the process. 
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Problems of Scientific Literature Research 


The Chemical Literature Research Staff and Organization 


GUSTAV EGLOFF, MARY ALEXANDER and PRUDENCE VAN ARSDELL 
Universal Oil Products Company, Chicago, Illinois 


HEMICAL industry would welcome into its patent 
and research departments a greater influx of per- 
sons well qualified in the art of chemical literature re- 
search than has been available in the past. Many 
students attracted to chemistry are unaware of the 
field of literature research, or they ignore it entirely 
because they believe it includes only routine abstracting 
and the preparation of bibliographies. This idea is 
erroneous, for chemical literature research is a special- 
ized field which requires imagination and offers many 
opportunities to develop one’s capabilities. Of more 
importance than the routine jobs of classifying the 
chemical publications in a library associated with a 
research laboratory is the coverage of current literature 
and the actual research into past chemical work to avoid 
laboratory duplication and to find new subjects for re- 
search. The integration and correlation of past work 
into book form is another interesting phase. There is 
a vast quantity of data on chemical research which re- 
mains buried in the original publications, and such 
data offer considerable opportunity for consolidation 
into more, easily used book forms. Since many re- 
search chemists, however, readily adapt themselves 
to the laboratory but have no taste for literature re- 
search, it is important to have well-trained literature 
searchers to leave the men with nimble fingers free to 
work in the laboratory. 

In order that duplication of work and the application 
for patents which are already registered may be 
avoided, a complete search of the chemical literature 
and patent art must be made before any laboratory 
work is begun. This type of search may be routine; 
but when it is made by a person with a creative and 
critical mind, valuable conclusions can be drawn. In 
the past, industry has had to provide much of the train- 
ing of its personnel, since colleges on the whole have 
not recognized literature research as a special field and 
only a few of the schools having large chemistry de- 
partments have given any specialized training along 
these lines. From a survey of college catalogs, it was 
found that of 97 institutions having chemistry depart- 
ments accredited by the American Chemical Society, 
only 26 offered courses in the use of chemical literature. 
Some of the institutions required a thesis for the 
Bachelor of Science degree, and others gave the pro- 
gressive students an opportunity to do some original 





1 Presented before the Division of Chemical Education of the 
American Chemical Society, 106th meeting, Pittsburgh, Pennsyl- 
vania, September 7, 1943. 


research. These are opportunities for the under- 
graduate to become acquainted with the literature, but 
a specific course for all chemistry majors is desirable 
also. 

As a rule, individuals engaged in chemical literature 
research have been taken from two educational fields. 
The first field is that of chemistry. Unless the student 
attends one of those schools that offer a course in the 
use of chemical literature he has little opportunity as 
an undergraduate to become acquainted with the 
library. In the standard undergraduate courses in 
organic and physical chemistry the student may be 
required to consult a number of original references, but 
the professor cannot take the time from his basic 
instruction to consider literature searching very thor- 
oughly. Even the graduate student may have a re- 
search problem that is a part of a long-time project 
and consequently may not have to make a complete 
search on his own subject. 

The other field from which the literature searcher has 
come is that of library science, which is surely excellent 
training in the classification and care of books and 
periodicals but offers no future in the chemical library. 
If the term “‘librarian” were completely divorced from 
those who do chemical literature research, more prop- 
erly educated persons and fewer misfits would enter 
this field. 

In the preparation of articles and books on various 
phases of hydrocarbon chemistry, we have encountered 
many situations which have enabled us to observe the 
educational background and type of mind best adapted 
to literature research. A group engaged in one of these 
projects included both men and women with education 
at the bachelor’s, master’s, and doctoral levels. The 
quality of the work done did not show a positive cor- 
relation with the number of years of schooling, but 
rather with the quality of training received and the 
inherent capacities of the individuals. In spite of 
good training, some students retain very little, and the 
colleges cannot be blamed for these failures. In other 
cases the mental ability is there but the schooling has 
not been good enough to put the student in command 
of fundamentals. While it is possible to train a person 
with an inadequate educational background in chemis- 
try and the tools of literature searching, provided 
that he has good common sense, the process is too time- 
consuming Our suggestions here will be concerned 
primarily with the saving of time by adequate pre- 
liminary college training of those suited for this work. 
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Chemical literature research is more frequently 
taken up as a specialty by women than by men. Al- 
though the male chemist should be trained to use the 
literature, this field as a specialty offers women an 
opportunity. For many years women were graduated 
with degrees in chemistry only to find that they then 
had to take secretarial work and become secretaries to 
technical men. The war has altered this state of 
affairs and the cry for women chemists in laboratories is 
loud, but after the war women will probably again 
be excluded from many laboratories. There is still 
considerable prejudice against women in laboratories, 
and it is true that the mechanical aptitude of women 
is in general inferior. The field of chemical literature 
research, however, offers an opportunity for women to 
use their chemical educations and to advance in the 
field of research. Furthermore, such an adjustment 
leaves the laboratory researcher free to spend more 
time in the laboratory. The salary scale in this field 
is good and is much higher than that of most other oc- 
cupations in which women engage. 

There is, however, one phase of this work to which 
men more readily adapt themselves than women. 
This phase deals with the mathematical aspects of 
research problems. In all extensive compilations of 
mathematical data a person with a knowledge of statis- 
tical correlations is indispensable. The most de- 
sirable educational background for such a position in- 
cludes a thorough knowledge of physical chemistry 
and higher mathematics. Persons having such train- 
ing are not numerous. 

A certain amount of ingenuity is required in order 
to achieve the best results in literature research. A 
methodical attack is the best approach to any prob- 
lem; yet the planning of the method of approach calls 
for some imagination. From the organization of the 
program to actual coverage of each publication one 
meets many problems which require discriminatory 
judgment. It appears simple enough to cover the 
abstract indexes on a particular subject, look up the 
abstracts, locate the original publications, and obtain 
the desired information; but there are many loopholes 
from the very beginning of the procedure. In covering 
the indexes, one may find it desirable to cover more 
topics than seem necessary on the surface. For ex- 
ample, if one were looking for isopropylbenzene, he 
must also cover its other names, 2-phenylpropane and 
cumene, various derivatives, and such topics as the 
dehydration of 2-phenylpropan-2-ol. Naturally one 
is referred to a bulk of material which is useless to his 
particular problem, but no possibilities can be over- 
looked. In collecting the physical constants of aro- 
matic hydrocarbons we found it necessary to cover 
over 18,000 references; but only about 6,000 con- 
tained the specific data wanted. The researcher must 
stretch his mind to the possible role of starting ma- 
terials and must overcome the obstacles of different 
nomenclature and methods of indexing used in different 
countries and publications. 

The references found in the abstracts or in the foot- 
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notes of some publications may be in error but can be 
located with a little imagination. If, for example, a 
reference given to page 11 does not appear there, the 
good researcher will look for the author’s name in the 
index, or if there is no index in that volume he will 
inspect all pages numbered with any combination 
which includes 11. Many journals have similar ab- 
breviations that may be confusing. The searcher 
must then straighten out the difficulty. On the other 
hand, one journal may have many abbreviations and 
the searcher may introduce numerous duplications 
through lack of observation. For example, he may 
copy from abstract sources the journal abbreviations A., 
Ann., Ann. Chem. Pharm., and Liebigs Ann., instead of 
denoting them all by the Chemical Abstracts abbrevia- 
tion, Ann. 

After the actual location of material, an alert mind 
is necessary for the job of abstracting, since many 
authors seem to have written in such a way that their 
thoughts are concealed. The viewpoint with which 
one abstracts is or should be in consideration of his 
purpose. One may abstract only the physical con- 
stants data or a method of preparation or purification, 
or one may summarize all the high points of the pub- 
lication. There is also an opportunity to draw out 
new ideas related to the problem at hand and ideas for 
new research. The finding of various implications that 
lie dormant in the literature is of great importance to 
one’s problems. A good sense of discrimination is 
also necessary to locate fallacies in seemingly logical 
conclusions. The importance of a creative mind need 
not exclude from literature research the good routine 
worker who can follow directions, but unlimited oppor- 
tunities are in store for the keen-minded person who has 
previously benefited from a good education. 

The eccentrics in the field must be considered sepa- 
rately and evaluated on bases other than their schooling. 
An eccentric may possess mental talents useful to his 
project, but often this type of person wastes his talents 
through his inability to work in cooperation with 
other people. One young man with a brilliant mind 
wasted most of his and his colleague’s time by con- 
stantly stirring up trouble over trivial matters. In 
another case we found all too time-consuming the prob- 
lem of finding the proper psychological approach for 
giving corrections and suggestions to a woman suffer- 
ing from a persecution complex. In a field such as 
chemistry, where the examinations are necessarily 
composed of a certain amount of memorizable facts, a 
few persons always manage to slip by with good scholas- 
tic records obtained from their poll-parrot abilities. 
Perhaps the most illuminating example of this type in 
our experience was a young lady who had been gradu- 
ated with highest honors. On the first occasion on 


which she was placed on a library assignment unsuper- 
vised, she spent three days searching in British Chemical 
Abstracts, Section A, for a reference clearly marked 
Section B. This last type is not so dangerous from the 
standpoint of making errors, but the total absence of 
ingenuity slows everyone down considerably. 











DeceMBER, 1943 


Now let us return to the process of acquiring the 
proper background. For those who wish to specialize 
in chemical literature research, a sound technical back- 
ground is indispensable. The minimum educational 
background in chemistry necessary for literature search- 
ing is the equivalent of an undergraduate major that 
includes inorganic, analytical, organic, and physical 
chemistry. Courses in college physics and mathematics 
through calculus are also basic in a sound chemical 
background. A well-rounded picture of the whole 
field is more important to this type of work than a 
knowledge of many specific facts. The chemical liter- 
ature searcher need not be so much interested in re- 
membering the facts per se as in knowing where and 
how to find the facts when required. Colleges have 
an opportunity here to advise the student to follow 
a well-organized curriculum that inspires consistent 
and logical thinking. 

The specialized literature researcher in particular 
and all students who care to go into research must also 
have knowledge of the tools of literature research. 
The courses as described in college catalogs in general 
cover the use of standard reference sources and chemical 
periodicals with topics assigned for literature research. 
These courses are usually offered to juniors, seniors, 
and graduate students, and the credit received ranges 
from one to three hours. In some cases German and/or 
French are required prerequisites, and if not, the lan- 
guages are advised prerequisites. A few colleges offer 
a single course which covers chemical history or topics 
related to business practice, such as patent law, admin- 
istration, and methods of research, along with the 
study of chemical literature. A good basic course to be 
covered in one semester would include the use of 
standard reference sources, such as Chemical Abstracts, 
Chemisches Zentralblatt, Mellor, and Beilstein; the 
patent indexes, and the important chemical journals. 
In order to prepare students for chemical literature 
searching and help the students who go into laboratory 
research to cover the literature on their problems, all 
schools with accredited chemistry departments should 
offer this course to juniors, seniors, and graduate stu- 
dents, with a reading knowledge of French and German 
as prerequisite. In addition to this general course 
another semester should be given for those who intend 
to specialize in literature searching. This second course 
should acquaint the student with the numerous journals 
in specific fields or industries, such as biochemistry, 
petroleum, paints, rubber, and textiles. The lists of 
journals studied should include trade and borderline 
research as well as pure chemical journals. This course 
should also include practice in writing abstracts and 
reports. Such a course as this would prepare the 
chemist to walk into any industrial laboratory well 
equipped to proceed with the literature searching with- 
out much further training. A third course dealing 
with the patent literature would be highly desirable, for 
patents present special problems. At Purdue a sup- 
plementary course is given in the writing of chemical 
work for publication. The Institute of Paper Chemis- 
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try, at Lawrence College, offers a second semester in 
chemical literature which includes practical application 
of the previous course on selected topics in the field of 
pulp or paper making. Such supplementary and spe- 
cific courses are a desirable trend in this field, and the 
increased attention given by colleges to the use of 
chemical literature is encouraging. The program for 
training literature researchers might well be expanded 
to graduate study, with advanced degrees awarded for 
theses on literature research. The increasing need for 
trained personnel to work with chemical literature 
may be seen in the comparatively large number of 
articles now being published. Chemical Abstracts 
now handles approximately 3700° periodicals. It 
prepared 52,764 abstracts in 1941 as compared with 
7975 in 1907. The number has fallen off since 1941 
because of the war. 

Since patents differ in many respects from other 
literature they require separate consideration. Each 
country has a different system of classification, and 
these classifications have been revised and expanded 
from time to time. For example, in the petroleum 
classification in the United States there were 29 sub- 
classes until about 1925, but now there are 152. Be- 
fore one can attain efficiency in patent searching, he 
must become familiar with the style in which patents 
are written. The language of patents is very formal, 
and in order to find the desired information readily 
one must have some experience in reading them. 

There are two bases on which to search: disclosures 
in the specifications, and the claims, which vary con- 
siderably in scope. The disclosures are frequently 
speculative and are expanded to include many re- 
actions and processes which have no experimental basis. 
In finding references which may invalidate a patent 
only the subject matter of the claims needs to be con- 
sidered. Familiarity with the subject matter is very 
important. Too frequently searches carried out at the 
patent office are directed into absurd channels. For 
example, a petroleum chemist once received a list of 
patents for condensers in answer to a request for patents 
on thermal condensation reactions. 

The searches must be made in accordance with their 
purpose. An industrial organization may conduct a 
search to avoid duplication in research laboratories and 
direct such work along lines not previously covered. 
It is also necessary to make a search before the filing 
of patent applications. Other situations requiring 
searches are the leasing or purchasing of patent rights 
and the law suits brought about by infringement of 
rights. A firm may also wish to find specific informa- 
tion on operating data, building, and similar subjects. 
Dr. Milton C. Whitaker, at one time head of chemical 
engineering at Columbia University and now vice- 
president of the American Cyanamid Company, once 
said to a group of students that in view of the fine 
chemistry discovered in patents but not appearing in 
textbooks it behooves every chemist and chemical 


2 Chem. Eng. News, 21, 237 (1948). 
3’ THomas, Science, 97, 159-60 (1948). 
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engineer to study at least the United States patents in 
his field. Patent literature, however, must be read 
with discrimination since it contains many ‘‘synthetic 
reactions.” 

Laboratory experience should not be excluded from 
the literature searcher’s background. The absence of 
laboratory experimentation tends to form an unreal 
and distorted concept of the practical aspects of chemis- 
try.. Experience gained from the laboratory will 
help the surveyor of literature not only to comprehend 
the problems at hand but also to evaluate the work 
under review. Some experience is obtained in the 
required undergraduate courses; but for the purpose 
of working effectively with a research laboratory, it is 
best for the student to have worked out a laboratory 
research problem himself. Many schools offer research 
only to graduate students, but some offer a program in 
which advanced undergraduates are given research 
problems. This program is generally known as the 
honors’ course since it is offered only to the better 
students. Such a program is very effective in that 
the good student, who is already prepared, may ad- 
vance more rapidly while the slower student waits until 
his preparation is sufficient to engage in research. In 
our experience we have had one student who had at- 
tended a school offering the honors’ program, and his 
aptitude for literature searching was far superior to that 
of some with more years of training behind them. 

A good reading knowledge of the foreign languages 
commonly encountered in the literature of chemistry 
is of prime importance in this work. While any knowl- 
edge of related scientific fields is helpful the specific 
details involved in any one problem ordinarily are 
learned and coped with at the time the problem is 
presented. It is therefore more desirable to spend one’s 
limited number of college hours in acquiring a knowl- 
edge of languages rather than related sciences. French 
and German have always been the languages required 
of, or recommended to, chemistry students; but with 
the increasing amount of chemical research published 
in the Russian journals, it is becoming necessary to 
study that language. Recently articles from 20 to 30 
years back dealing with that vital chemical, butadiene, 
and with synthetic rubber have been translated from 
the Russian. Our lack of familiarity with that lan- 
guage may have caused us to pass up much important 
research. French and German, however, cannot be 
excluded from the chemist’s background, for a large 
amount of the past literature which must be covered 
is written in those two languages. The nature of the 
college courses can be greatly improved. Many 
colleges offer scientific reading courses while others do 
not. Any school having accredited science depart- 


ments should offer courses in scientific reading, be- 
cause the translation of ‘“The Three Bears’ and non- 
sensical grammatical exercises composed of such 
sentences as ‘“‘My cousin has departed from the house 
of my aunt’’ do not improve the chemist’s vocabulary 
or familiarize him with idioms which he will encounter 
in his reading. 
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For the chemical literature researcher who has 
schooled himself for the job after college, and for 
assistance in course work on literature usage, there are 
several very excellent general manuals in addition to 
articles on specific phrases of literature searching. 
Among the best of these are Crane and Patterson’s 
“The Literature of Chemistry,’ and two more recent 
books, Soule’s “Library Guide for the Chemist,” and 
Mellon’s ‘‘Chemical Publications, Their Nature and 
Use.” 

We have considered the background training for 
chemical literature research; now let us take up the 
organization and staff of the industrial research library 
and other literature research projects. 

In any job most of the details are necessarily learned 
as one becomes acquainted with the work. This 
process of orientation is costly and time consuming 
enough without the added encumbrance of instructing 
the chemist in the fundamentals which he should al- 
ready know. When students have obtained in school 
adequate fundamental training in chemistry and the 
use of chemical literature, the training period of chemi- 
cal librarians in industry can be reduced from about 
six months to one month. The only instruction neces- 
sary then is to acquaint the newcomer with forms used 
and some specific chemical reading on the problems 
encountered by that industry. The cost of training 
people usually entails about six months’ salary for the 
new chemist and for the person who does the training, 
plus the expense of correcting errors which slip by un- 
noticed during this period. 

In the industrial research organization too much 
emphasis cannot be laid on the necessity for good co- 
operation between the literature and laboratory chem- 
ists. Inadequate literature research often causes the 
laboratory to. duplicate work costing thousands of 
dollars.: For example, much money could be saved in 
patenting processes if complete patent searches were 
made first to find out whether the processes have already 
been patented. The observing literature researcher 
can bring to attention pertinent discoveries which may 
save the laboratory time, trouble, and expense. In 
addition to the efficient running of the research pro- 
gram as a whole, costs of the literature research office 
itself may be reduced by good organization of work, 
so that there is a minimum of overlapping and no sloppi- 
ness or incomplete work. 

Organization is of prime importance in the collection 
and correlation of chemical data for publication in 
book form. The basic cost of publication exclusive of 
added costs resulting from poor organization, careless- 
ness, and changing personnel is very high. The added 
cost of poor organization and carelessness can be very 
dear. For example, each error that reaches printed 
proof involves the resetting of an entire line of type 
and an expenditure of ten cents. Many corrections 
of this nature appear in carefully prepared manu- 
scripts, and the number found in careless work piles 
up an unbelievably heavy bill. From the time when 
data are abstracted at the original source to their ap- 
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pearance in print, there are many opportunities for 
mistakes to creep in. Data may be wrongly trans- 
cribed from the literature to the abstract, from the 
abstract to the copy sheet, or from the copy sheet to the 
printer’s proof. 

In order to succeed in chemical literature research, 
the chemist must find the work sufficiently interesting 
to make a career of it. The value of a person to a 
concern is, of course, much greater after he has ac- 
quired ‘‘a feel” for his work, and frequent changes in 
personnel are a hindrance. For a time we employed 
advanced students who had their summers free, but we 
soon found that this practice did not pay. A tempo- 
rary employee has a natural tendency to be lax about 
accuracy and form, and his work may be misplaced or 
misinterpreted after he leaves. On the other hand, 
the permanent chemist will find increasing interest 
in his work and will improve as time goes on. 

The necessary routine which accompanies any task 
must be handled carefully in literature research to 
secure accuracy. Routine work of a close nature 
seldom runs on hour after hour without bringing in 
many errors, such as the transposition of numbers. 
This difficulty can be relieved by organizing the work 
in such a way that there is a diversion of tasks so that 
the routine work is varied with work calling for origi- 
nality. At certain times of the day, such as the hour 
following lunch, the mind tends to be less keen. At 
these times the work should involve less careful scru- 
tiny and less ingenuity. More efficient working pro- 
cedures may be found by holding frequent conferences 
of the staff and comparing notes. Thus each has a 
chance to inform the others of pitfalls. This discussion 
may seem rather elementary, but the processes used to 
eliminate errors cannot be overemphasized, since 
scientific work must, above all, be accurate. 

All chemists may contribute to the betterment of 
chemical literature by conforming to accepted standards 
of nomenclature, spelling, and abbreviation. The 
present systems are by no means perfect but are surely 
good enough so that their diligent use would cut down 
considerably the routine work necessary for chemical 
literature research. Covering the indexes of abstract 
sources would be simplified. In the classification of 
data and subject matter many difficult, time-consuming 
problems would disappear. College professors, as well 
as industrial literature searchers, should attempt to 
devise a system best adapted to the compounds with 
which they are concerned (7. e., hydrocarbons, alcohols, 
aldehydes, etc.); later these systems might be inte- 
grated into one system covering all compounds. Until 
such an ideal system appears, chemists should at least 
follow the Geneva system and Patterson’s ring system. 

The various spellings of the names of foreign authors 
are details which eat away precious time in literature 
research. The Russian names are the most difficult 
and confusing to the Americans, and it is indicated 
that we shall have to contend with more rather than 
fewer of these names in the future. In 1913 the num- 
ber of contributions to Chemical Abstracts from Russia 
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were 2.5 per cent, as against 11.1 per cent in 1939.4 
Chemical Abstracts has set up and followed for the last 
few years a system of transliteration, but many in- 
consistencies still appear in many publications. Some 
authors make no effort to use this system, and others 
run into the complications of the German, French, or 
British transliterations of the Russian names. For 
example, the Chemical Abstracts spelling of one author is 
Zhukovskit, while the French and British is Joukovsky 
or Joukowsky, and the German is Shukowski. A 
standard system should be set up for international 
usage, but since international usage of any system 
cannot be established at this time ‘all Americans, at 
least, can conform to the Chemical Abstracts spelling. 
Since the volume of chemical literature in English 
exceeds the combined total of that in German and 
French, and since many students from other non- 
English-speaking countries use the literature in English, 
the effort for standardization might well be expected 
to originate in this country. The confusion which 
these names cause can be seen in the following ex- 
amples: Tschitschibabin and Chichibabin, as well as 
Zalkind and Salkind, typify names in which the two 
spellings would not even appear under the same letter 
in the index and could easily be recorded as two sepa- 
rate references when they were really only one. Al- 
though Medwedew and Medvedev, and Bogojawlensky 
and Bogoyavlenski1t, are merely the German and 
English spellings of the same names, respectively, they 
are not readily recognized as such. It might be added 
that the use of v rather than w produces something to 
which the American can twist his tongue, while the use 
of w only brings out some vague muttering. The use 
of w and ff rather than the more logical v is perhaps the 
most frequent inconsistency found in the transliteration 
of names. The Russians, incidentally, have no w in 
their 32-letter alphabet and never end a name in ff. 
The Chemical Abstracts transliterations are logical, and 
chemists will probably find it simpler in the long run to 
follow them. , 

Other foreign names present difficulties. In the 
transliteration of some Slavic languages one en- 
counters the same sort of thing as with the Russian. 
The German von and the French de are sometimes 
omitted from proper names so that indexing becomes 
complicated. For example, Adolph von Baeyer ap- 
pears in the Annalen, but in the Berichte, von is dropped 
from the surname. A general system for standardized 
spelling would save much time and money. These 
minor problems may be worked out if personal observa- 
tion is keen, but there is much less chance for errors if 
these difficulties are solved before one becomes con- 
cerned with the subject matter of the references. 

Chemical Abstracts publishes a list of periodicals 
indicating a standard abbreviation for each journal 
they abstract. The bibliography of every manuscript 
published in this country should certainly be made to 
conform to these abbreviations. Such details seem 
rather insignificant, but strict adherence to form avoids 

4 Ind. Eng. Chem., 35, 500 (1943). 
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confusion and errors. The abbreviations for journals 
should be internationally standardized, and Chemical 
Abstracts could be used as a base. 


SUMMARY 


Chemical literature research requires a specially 
trained personnel of chemists who have the education 
and background to work in collaboration with chemists 
engaged in laboratory research. ‘This specialized field 
has been ignored too frequently by students inter- 
ested in chemistry. Industry could use many more of 
these well-trained people, and more chemists, particu- 
larly women, should be apprised of the opportunities 
for an interesting career in research. 

Colleges have not recognized this possibility in all 
cases, and specific training in this field has not been 
ample. By offering more advanced work in the use of 
literature and by emphasizing a basic course in the 
tools of literature searching, they could do much to 
prepare students for this type of work. In certain 
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colleges there is also a need for changing methods of 
foreign language instruction so that all chemists could 
take courses given in a usable form. 

After the literature searcher leaves school, he will 
probably be engaged in an industrial research project 
which must be prosecuted as efficiently as possible. 
Provided the researcher has an adequate background, 
his particular troubles will appear in the meticulous 
handling of detail, which is of utmost importance in 
the interest of accuracy, time, and cost. 

Most chemists at some time publish articles on their 
research. They can contribute more to the quality 
of chemical literature and be of greater assistance to 
their fellow literature researchers by conforming to 
certain standardized forms and by being constantly 
on the lookout for advantageous simplifications of 
these forms. At present there are available the 
Geneva system and Patterson’s ring system of nomen- 
clature, the Chemical Abstracts rules for the translitera- 
tion of Russian names, and the Chemical Abstracts list 
of periodical abbreviations. 


and Undergraduate Research 


W. B. MELDRUM and T. O. JONES 


Haverford College, Haverford, Pennsylvania 


T WILL generally be admitted that some degree of 
training in the use of the technical library is an ex- 
tremely important asset to any student of chemistry, 
regardless of the line of chemical work he may enter 
after his graduation from college. If he begins a course 
of graduate study at a university, a knowledge of the 
probable content of the chemical library, as a source of 
information, and the ability to find and to follow clues 
leading to the discovery of what has already been pub- 
lished bearing upon his particular project, greatly facili- 
tate his work in the earlier stages of research. If, in- 
stead, he goes into an industrial chemistry laboratory 
the ability to seek systematically and to find quickly 
the facts already known concerning his assignment 
enhances his value as a chemist, so that the rewards 
of his previous training are likely to be mutual to him- 
self and his employer. It is often the case that in the 
university research center, as well as in the industrial 
laboratory, the research director has not the time or the 
patience to teach him how to use the chemical litera- 
ture. In consequence, the new chemist makes a slow, 
stumbling start in his work and hence, probably, a poor 
impression. Obviously, therefore, both employer and 
employee benefit if the chemist learns, in his under- 
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graduate years, the sources of chemical information 
and how they should be used. 

With regard to experimental research, the graduate 
with no preliminary training finds himself in a similar 
predicament. We need only recall our own initiation 
into the mysteries of independent investigation to real- 
ize that the average graduate in chemistry has little 
concept of what chemical research really is and little 
idea of the method of attack. When he enters upon re- 
search in the university or in the industrial laboratory 
he just doesn’t know how to begin, how to plan his pro- 
cedure, or how to construct his apparatus. This feel- 
ing of awkwardness is somewhat relieved if he has had 
the opportunity to observe researches going on around 
him during his college course and to discuss some of the 
projects with the men who are doing research. But, 
beneficial as this may be, it is not as good as individual 
experience. 

Books have been written on the use of the chemical 
literature (1, 2, 3), and formal one-semester courses on 
the use of the library are offered in some institutions. 
Books have been written also describing how to do re- 
search, and courses about research can be found listed in 
the catalogs of some universities. But these are poor 
substitutes for personal experience. No matter how 
lucidly the books are written and no matter how ably 
the courses are presented, the results are likely to be 
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disappointing. It is the contention of the authors that 
one can learn how to use a library only by using it and 
that he can learn how to do research only by doing it. 
As a result of their own experience with prospective 
chemists they are convinced that the library course 
per se is of comparatively little interest to the student. 
Library research alone is analogous to the odd half of a 
pair of shears; it is only by operating this half with its 
counterpart, experimental research, that the total 
function of the two halves can be realized. The use of 
the chemical library becomes a matter of real interest 
to the student only when an actual research in which 
he is engaged gives point to it. Likewise, experimental 
research is likely to fall short of its pedagogic goal unless 
reinforced by searches in the literature. 

In this paper the authors take the liberty of recom- 
mending a type of course which combines library and 
experimental research, such as that which has been 
given at Haverford College for the past 15 years. 
They make no claim to originality; undoubtedly the 
same sort of course can be found in various other col- 
leges. They have, however, found it to be eminently 
satisfactory in its results and therefore recommend it. 

The course is described in the College Catalog as 
“Chemistry Research. .. . Open only to Senior chemis- 
try majors and graduate students in chemistry. May 
be elected as one or more courses” (4). For the ma- 
jority of the undergraduate students the course lasts 
only one semester, but those who can include it in their 
roster without neglecting fundamental science courses 
or required courses in the humanities often carry it for 
the entire year. The privilege of taking more than 
one course in research in either semester is rarely 
extended to undergraduates. The course is not re- 
quired of chemistry majors but virtually all students 
preparing for a career in chemistry elect it. The weak 
brothers, most of whom are previously encouraged 
to transfer to other fields of activity, are usually not 
accepted for the course. 

The student electing the course chooses his research 
topic by the time-honored method of ‘shopping 
around” among the members of the staff. Prior to the 
opening of the semester the staff member prepares a list 
of suitable topics in which he is interested. When the 
student calls upon him to discuss possibilities the staff 
member goes over this list with him, elaborating some- 
what on those topics in which the student expresses 
interest. The teacher usually has certain topics which 
are especially interesting to him at the time and it is not 
unlikely that his enthusiasm concerning these will 
elicit a positive response on the part of the student; 
thus the student’s choice is subconsciously guided. 
After visiting all of the staff members the student 
makes his decision; his choice of topic determines 
also his mentor for the course. Not infrequently a 
student has a problem already in mind which the in- 
structor can adapt, and it then becomes a matter 
of the student’s seeking the professor who is willing to 
guide him in the work. The wide range of interests 
on the part of the students and instructors has re- 
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sulted in a reasonably even distribution of the load 
among the members of the Chemistry Department. 

When the student has decided on a topic the entire 
problem is outlined by the professor in charge. A 
search of the literature is suggested and the method of 
using the library explained. Ordinarily, the student 
is directed first to the textbooks, then to such reference 
books as Mellor’s ‘‘Treatise,” which is particularly use- 
ful in connection with inorganic and physical chemical 
topics, then finally to the journals. Chemical Ab- 
stracts, and to some extent the Zentralblatt, are searched 
systematically. Relevant abstracts are recorded on 
library cards or in a suitable notebook. If an abstract 
seems important the original paper is examined, if 
available either in the College library or in the libraries 
of neighboring institutions. 

When this preliminary survey of the literature has 
been completed the student has a fairly clear picture of 
what is known about his problem and what remains to 
be done. He is directed to plan his experimental pro- 
cedure and to devise any special apparatus that may 
be required. In the construction and assembly of the 
apparatus the professor in charge supplies a reasonable 
amount of assistance and advice but so far as is practi- 
cable this work is left to the initiative and ingenuity of 
the student. 

From time to time, progress reports are made, giving 
the student the incentive to organize his findings and 
giving the professor a chance for intelligent direction of 
the work. As in graduate work, the first search of the 
literature is rarely the final one. As the student be- 
comes more familiar with his problem from experimen- 
tal experience, he finds his interest directed to new 
points requiring literature investigation. At the end 
of the term the student presents a final report, sum- 
marizing previous work done on his problem as well as 
his own method and results. 

The advantages of such a course may be summarized 
as follows: 

First, the student learns how to integrate library 
investigation with experimental research, so that he 
may avoid many of the pitfalls and errors of his post- 
graduate job, whether in the university or in the chemi- 
cal industry. The plan gives him practice in collating 
source material applying to a definite experimental 
task in which he is subjectively interested. He learns 
something of the nature of scientific research and usu- 
ally has not ontily the experience of feeling the thrill of 
success but also of philosophizing on failure. 

Second, the student’s accomplishment in the course 
enables the teacher to evaluate his abilities as a chem- 
ist better than in any other way. If a student has a 
good memory he may make an excellent showing in 
examinations, but research, as all chemists know, calls 
for initiative, planning ability, imagination, and the 
ability to correlate data. The man who can digest the 
literature, plan what should be done, carry out the ex- 
perimental work, and organize results, will stand out as 
one who can be safely recommended. 

Finally, such a course is excellent for the morale of a 
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liberal arts college. The research topics frequently are 
presented as student talks in the Chemistry Club meet- 
ings and definitely aid in developing and sustaining 
interest in the science. The results of student re- 
searches are rarely worthy of publication, but they can 
sometimes be developed further by the more experi- 
enced men. Thus, student researches, although they 
cannot compare in magnitude or difficulty with the 
majority of Ph.D. investigations, serve the same ends: 
the inspiration and instruction of the student, the pro- 
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motion of the research spirit, and the advancement of 
the science. 
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Slossonizing Business and Industry 


HOWARD A. MARPLE 


Monsanto Chemical Company, St. Louis, Missouri 


R. EDWIN Slosson was one of those rare indi- 

viduals who could interpret and humanize his pro- 
fession. He did it so accurately and well that as a re- 
sult many nonscientists became intelligently cognizant 
of chemistry. He was one of those who have helped 
pull back the veil revealing chemistry as an adjunct to 
living and a promoter of human progress. 

Dr. Slosson was a good public relations man who de- 
serves the emulation of present day industrial editors. 
May I suggest that chemists, too, might profit? How- 
ever, he lived during the beginning of the end of house 
organs. Company-published magazines and news- 
papers up until a few years ago were pipsqueak back 
scratchers of management, spawned during the gay 
ninety period of smutty-story-telling salesmen. There 
are still some salesmen who peddle goods. Similarly, 
there remain among industrial editors some house organ 
grinders. 

The improved caliber of salesmen, whether they make 
personal appearances to the customers or are editor 
salesmen who present their wares by the printed page, 
is due a great deal to management’s increased vision 
and customer demand. Salesmen are highly educated 
and are not back slappers. Successful editors are pro- 
fessionals, no longer dilettantes. 

Today in the United States there are over 3000 in- 
dustrial editors who are writing for 40,000,000 readers. 
As you well know, American business men, spending 
over 50,000,000 dollars each year for this selling me- 
dium, must have tangible evidence of the value of their 
expenditures. Let’s quickly analyze the composite 
picture of this medium of the free enterprise system. 

Who was the first industrial editor, and what com- 
pany sponsored the publication? It is not on the rec- 
ord, and undoubtedly this historical note is nonessential. 
However, it is safe to assume that some early business 
man felt that he could add to the sales promotion of 
his goods or organization by writing to his customers in 
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a friendly way and at regular intervals. He might 
have sent only a post card, but, if he did the job well, 
every word set down was potent friendly selling. His 
sales and prestige were extended and increased. 

Throughout the intervening years there have been 
added more and more forms and styles of this first in- 
dustrial publication. There have been many outstand- 
ing editors. One among them you all know, the famed 
writer of the ‘‘Message to Garcia,” Elbert Hubbard. 
This message he first published in his house publication 
called the Philistine, and it lived to rival the Bible in 
number of reprints. 

But all publications have not been of this nature, and 
national economic reverses have seen the most worthy 
discontinue publication. One to claim the longest con- 
tinuous years of service is the Travelers’ Protection, 
published by Travelers Insurance Company, started in 
1865. Monsanto Magazine is even pleased with its 
record of 22 years of publication. 

But, company publications are not retained on the 
payrolls unless they have a definite aim and accomplish 
their reason for continuance. The record is clear that 
there are three general classifications, disregarding ap- 
pearance and style. First, there is the employee or 
internal type of newspaper, bulletin, or magazine; 
second, the customer or external type; and third, the 
sales or dealer publication. Editing methods in each 
group may be different, or, as quite frequently happens, 
there is an overlapping of editorial approach. All, to 
be successful, must have one quality incommon. They 
must be inviting, for, being free to the subscriber, there 
is no natural urge to read them. 

The employee type of publication has no standard- 
ized form, but there seems to be a distinct trend toward 
a newspaper style, because personal columns, news of 
the company activities, editorials, and spot news pic- 
tures seem naturally to call for the familiar newspaper 
format. Though the employee publication may look 
like, and have the style of a city daily, to be enjoyed it 
should savor of the country newspaper—not too gos- 
sipy, but always intimate and friendly. Industrial 
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workmen do not resent a neat appearance, but will 
sneer and scorn the Ivory Tower type of presentation. 
The customer or external type of publication depends to 
a great degree for its editorial aim upon the product, 
service, or geographical extent of its market. Editors 
of these publications have been forced to raise their 
sights, and those with circulations of 50,000 or more 
are writing not only to customers, but prospects, stock- 
holders, employees, friends of the company, and in- 
fluential molders of public opinion in communities 
where the company operations are located. Here is 
the one company publication that should be constantly 
on the alert to follow the example of the bigger brother, 
the newsstand magazine, catering to the ever-changing 
reader interest. The only limit is the reason for its 
existence—company and product selling. It should 
frost all its selling by telling dramatic, entertaining, and 
human interest stories. 

It is not uncommon for an external magazine with a 
circulation of 50,000 to receive hundreds of letters from 
readers after each issue. The longer an editor remains 
an editor, the less sure he is as to which article in a given 
issue will provoke the greatest fan mail. 

Some publications never miss an issue without obtain- 
ing from one to fifteen reprints picked up by newspapers 
or newsstand magazines. I remember one which, much 
to the editor’s satisfaction, had in excess of the usual 
reprints. Not only did the story in question create 
many reprints in other magazines, all carrying the com- 
pany name, but a booklet was sponsored by an outside 
organization with a larger circulation than the magazine 
from which it originated. Another story which told of 
chemicals in cranberry culture continued to have re- 
print requests 11 months after its appearance. Still 
another, during its reprinting, was a loss only to the 
editor’s pride. When he published the story of raising 
millions of four-leaf clovers in hydroponic solution, the 
source, or credit line, was lost on the third pickup. Its 
first reprint was made by the New Yorker, but ended 
its advertising value to the company when the wrong 
credit line was given in an abstract in Readers Digest. 

Editors of external publications use the guise of 
being interesting in order to sell goods or company. 
However, the editor is always in danger of boring the 
reader, like a listener to a heavily plugged radio com- 
mercial. Repetition of company products to customer 
or prospect can be ‘distasteful when used with too 
heavy a hand. 

The third in this classification of company publica- 
tions is the sales or dealer magazine. Manufacturers 
sometimes employ several magazines to accomplish their 
purpose. They will vary as to text and illustrations per- 
tinent to individual dealers or territories. Their purpose 
may be to help the manufacturers sell goods suggested 
to the ultimate customers by suggesting methods and 
campaigns, or they may go so far as to produce publi- 
cations which the dealer may use over his name to send 
to his own mailing list. More often, only one of these 
three types of publications is used by a single company, 
but many large and progressive companies feel the need 
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of both the external and internal forms. Some believe 
that it is false economy to try to interest the employee 
with the personal and ‘“‘blessed events’ of himself and 
coworkers and still intrigue the customer and prospect 
within the same covers. Therefore, it is common to 
use a magazine for the external circulation, always 
making sure that the employees of the company also 
receive it. Supplementing this is an employee publica- 
tion, similar to a small town newspaper, in which all 
employees stand a good chance of having their names 
mentioned at least once a year. Understanding be- 
tween employee and management, esprit de corps, 
safety, and numerous other mutually advantageous 
promotional features are instigated and carried forward. 

Management seldom expects company publications 
to do a complete job of selling. A company-owned pub- 
lication functions and accomplishes much as a chemical 
catalyst. It may activate and assist in carrying for- 
ward a formulation, but it takes a lot of added effort to 
move heavy raw materials, a great deal of cooling water, 
reagents, heat, final packaging, transportation, adver- 
tising, and sales to get the finished chemical to the cus- 
tomer. A company publication can become poisoned, 
like a catalyst, but properly edited, this will never hap- 
pen. 

Conditions of war, and more particularly this one, 
change selling techniques. Today, salesmen are hard- 
working service men, satisfying as best they know how 
the confused needs of old customers, while bending 
every effort to move essentials as fast as possible to our 
fighting forces and allies. One of the calamities of not 
keeping an even balance of produced goods with the 
most urgent and important needs is not only losing a 
war, but losing old customers after Hitler and Hirohito 
squeal “enough.” 

The industrial editor’s job is manifold and is as trying 
as any salesman’s. He must keep abreast of the times, 
always trying to be one step ahead of events if pos- 
sible. His publication must maintain contact with 
customers while the regular two-legged salesman is 
bustling about doing the best possible with limited sup- 
plies and reduced travel. All business men and indus- 
trialists realize that when the heat of war is turned off, 
readjustments to normal business will be a series of 
headaches. New products will be coming from their 
plants or better ones from competition. The wraps 
have been on many developments used only by one 
customer—Unele Sam. Can the industrialist go back 
to his old line or must he start anew? Enormous alu- 
minum plants have sprung up to be met by increased 
magnesium and plastic production. Plane production 
has skyrocketed, but automobile manufacturing is 
dead. Radio and electric refrigeration are with us but 
cannot be had today for civilian purchase. In all this 
confusion and uncertainty, company publications are 
doing a masterly job of contributing not only to winning 
the war, but to keeping the selling pot of future business 
simmering at least. 

Some have their long-range plans and courses set and 
are sailing ahead with a distinct port in mind, namely, 
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business and human relations after a war that some day 
must end. 

Editing for industry and business is so much a pro- 
fession that a national council of industrial editors was 
formed two years ago, made up of sectional editor or- 
ganizations. The National Council of Industrial Edi- 
tors’ Associations has as member groups the following: 


American Association of Industrial Editors 
American Railway Magazine Editors’ Association 
Business Editors’ Club of Southern New England 
House Magazine Institute 
Industrial Editors’ Association of Chicago 
Industrial Editors’ Association of Detroit 
Industrial Editors’ Association of Massachusetts 
Industrial Press Association of Greater St. Louis 
Miami Valley Association of Industrial Editors 
Northwestern Industrial Editors’ Association 
Pacific Coast Association of Industrial Editors (Northern 
California Division) 
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Pacific Coast Association of Industrial Editors (Southern 
California Division) 

Southwestern Association of Industrial Editors 

Syndicate Publishers Association 


The Council is even now planning cooperation with 
a similar group in England. 

Although there are quite a few chemical and phar- 
maceutical manufacturers who have industrial publi- 
cations, I believe, as a chemist-writer, that our pro- 
fession needs more Slossonizing. 'When newspaper re- 
porters write unsound stories of chemistry and its de- 
velopment, they do not deserve all the blame. The 
next time they call for a story, let’s give them courteous 
attention and patient explanation, for chemistry has 
not been given a thorough job of selling. Chemistry 
and chemical production need more interpreters. A 
publication editor is needed in every chemical organiza- 
tion, if for nothing more than to straighten out and 
Slossonize the old as well as new developments. 


Literature Service for Fuel Chemists 


JULIAN F. SMITH* 


Institute of Gas Technology, Chicago, Illinois 


HE INSTITUTE of Gas Technology, founded in 

1941, has for one of its major objectives the ‘‘col- 
lection and dissemination of scientific information.” 
This phrase expresses a two-way concept of service. 
It does not encourage the invitation once used by li- 
braries and still voiced by army mess sergeants; in- 
stead of ‘‘come and get it” the modern library must say 
“coming up.” 

Accordingly the Gas Institute Library, like a pulp 
digester, takes in raw material, digests it, and dis- 
charges the product through the proper outlets. Some 
idea of its work may therefore be gained by looking at 
the inlet and outlet ends. 


RECEIVING INFORMATION 


In assembling a library to serve the entire industry 
the term ‘“‘gas technology’ is interpreted broadly. 
Thus, in the light of actual or potential developments in 
chemical utilization, fuel gases are candidate materials 
for a great variety of processes and products. More- 
over, the growing trend toward competition between 
industries rather than between companies necessitates 
the study of competing fuels or sources of energy, e. g., 
electricity. 

With such an interpretation of the library’s field 
much attention has been given to organic chemistry, 
unit processes, chemical engineering, and several aspects 
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of engineering over a range of subject matter far wider 
than fuel technology. 

Textbooks, reference works, periodicals, government 
or university bulletins, dissertations, and manufac- 
turers’ publications are selected first on the basis of 
direct relation to gas technology. Many items have 
been purchased, however, for their relation to the 
broader subject of nonfuel uses, with chemical utiliza- 
tion as the largest single topic. Similarly, in purchas- 
ing copies of U. S. and foreign patents there are many 
selections which at first glance appear irrelevant to gas 
technology. 

Widespread distribution and use of microfilm in li- 
braries necessitated the purchase of a reader. The 
SVE portable model was selected. A few foreign peri- 
odicals not otherwise easily obtainable, and many 
single references from outside sources, are purchased 
on film. Economy and small space requirement are 
advantages; the necessity of using a reader is a disad- 
vantage. 

A microfilm camera (Micro-File, Model D) has also 
been installed, primarily for routine copying of vital 
research records so that a copy will be available in case 
any record is damaged or destroyed. This unusual 
item of technical library equipment is also availale to 
the gas industry for making copies not conveniently ac- 
cessible elsewhere. 

Aside from the few periodicals received on microfilm, 
the library receives American and foreign periodicals 
by subscription or exchange. British periodicals arrive 
irregularly but are seldom lost in transit. Russian 


periodicals are slow to arrive but the situation has im- 
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proved considerably in recent months. The Russian 
literature brings many important papers on fuel chem- 
istry and technology. Periodicals from enemy and 
enemy-occupied countries are difficult to obtain but 
some improvement has also been effected in that situa- 
tion. 

Patents represent a vital source of technical informa- 
tion. Each week the Official Gazette of the U. S. Patent 
Office and the Canadian Patent Office Record are re- 
viewed. Copies of pertinent U. S. patents are pur- 
chased, but under present conditions no effort is made 
to keep up current purchases of pertinent foreign pat- 
ents. Under normal conditions the current patent file 
would include British, French, German, and probably 
Dutch patents. 


DISSEMINATING INFORMATION 


Internally. As a graduate school and a research 
organization, the Institute of Gas Technology has a 
dual character. The library’s main function in the 
educational program is to provide students and faculty 
members with all needed reference material for course 
work and thesis investigations. Another function is to 
act as the editorial office in which reports, term papers, 
and theses are edited with particular care. This is 
done to make sure of acceptable quality, but an even 
more vital purpose is to train students in technical 
writing through actual experience under proper guid- 
ance. 

The library serves the research program essentially 
in the same way that industrial research laboratories 
are served by their own libraries. A first requisite is 
to provide in advance all the reference sources most 
likely to be needed for research planning and guidance. 
A liberal concept of the potential research interests is 
needed here. 

Work undertaken for the educational or research 
program may prove sufficiently significant to justify 
a report to member companies, or even for public 
distribution. Thus the library’s internal and external 
services may overlap. , 

To Member Companies. Since the Institute of Gas 
Technology is a nonprofit membership corporaticn sup- 
ported by dues, member companies have certain borrow- 
ing privileges not granted to nonmembers. A distinc- 
tion is also made in distributing the library’s publica- 
tions, some of which are available only to members. 

Library publications include bibliographies (reference 
lists or literature reviews) and occasional translations 
of important papers from foreign languages. When 
these publications are of general interest to gas tech- 
nologists they are sent to all members. When pre- 
pared as sponsored projects they are available only to 
the sponsor. In this respect the library’s publication 
program resembles the Gas Institute’s research pro- 
gram, which includes fundamental projects financed 
from institute funds for all members and sponsored 
projects carried on solely for the sponsor. 

To Fuel Technologists and Technical Libraries. Loans 
from the library to nonmembers are ordinarily made 
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only through other libraries, subject to the usual terms 
for interlibrary loans. Nonmembers, however, are not 
neglected in the library’s publication program. 

The first serial publication in this program is Gas 
Technology Review, a quarterly survey of literature and 
patents. It is available to the public by subscription 
but is sent free to members. Its purpose is to provide a 
current review of domestic and foreign literature and 
patents, presented as brief abstracts in a form which can 
be mounted on index cards. For the present the scope 
of this review is nafrower than the interpretation of gas 
technology followed in the library’s general policy. 
The reason is that the size of the review must neces- 
sarily be limited in the beginning, when the library 
staff is small and has many other duties. The scope of 
the review will be broadened as circumstances permit 
wider coverage and as reader interest defines the pre- 
ferred limits. 

Some library publications (bibliographies or transla- 
tions or the like) will be of sufficiently general interest 
to justify public distribution. Such publications will 
be offered to nonmembers (individuals, companies, or 
libraries) at prices calculated to cover publication and 
distribution costs, but compilation costs will mainly be a 
contribution from the Gas Institute to the gas industry. 

Photocopying services are available both to members 
and noumembers, but a higher rate is charged to non- 
members. The principle behind the difference in 
rates is that members are expected to pay only for the 
actual cost of materials and distribution while non- 
members are expected to pay at least part of the ad- 
ditional costs, such as the operator’s time. 

Since this discussion is devoted to ‘‘collecting and dis- 
seminating scientific information” nothing has been 
said about what happens between the inlets and the 
outlets of the digester. Not much needs to be said, 
since a large part of the work is library routine, but a 
single illustrative example may be helpful. The se- 
lected example is imaginary, that is, the cited topic has 
not actually been selected as a topic of study up to the 
present time. 

Suppose, then, that the natural gas industry wants to 
know the geographical distribution of natural gas in 
America, and the composition of all known natural 
gases. The library would search books, government 
publications, and periodicals for data on all known gas 
fields, and compile published analytical results to show 
the nature of the gas from each field. Attention would 
be given to oil well gases, the composition of wet gas 
before and after stripping, the impurities in sour gas, 
and natural occurrences of nonfuel gases (helium, car- 
bon dioxide, nitrogen, and the like) either alone or in 
hydrocarbon gases. All this information, appropriately 
classified, would be assembled in a report introduced by 
precise definitions of objective, scope, reference sources, 
and thoroughness of literature coverage. 

If the report were written for the entire industry it 
would be printed as an institute bulletin and sold to 
nonmembers at a price which would safely cover all 
printing and distribution costs. The price to members 
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would be lower. The cost of compilation would be re- 
garded as a contribution from the Institute of Gas 
Technology to the industry. 

If the report were for restricted circulation it would 
be mimeographed and issued free to every member. 
It would then be considered private and its existence 
would not be publicly announced. 

Translations from the foreign literature will be simi- 
larly treated, each according to its own circumstances. 
Compilations or translations prepared originally for 
the institute’s educational or research program may be 
issued to members or may be published, according to 
their nature. 

Interlibrary Relations. As a rough estimate it is an- 
ticipated that a library of at least 25,000 volumes will 
be required for adequate and effective performance of 
all the library’s services to the institute and the gas in- 
dustry. But even under the most liberal policy of ex- 
pansion there will always be occasional requests for ref- 
erences not possessed by the library. 

For this reason, as well as in the interests of the good 
neighbor policy now favored by enlightened leaders in all 
industries, active relations are maintained with other 
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technical libraries. Information is exchanged so that 
the resources, loaning regulations, and photocopying 
facilities of other libraries are known. Subject to cus- 
tomary terms, and to the loaning regulations of each 
library, books and references are loaned or borrowed, 
photocopies are purchased or supplied, and questions 
are asked or answered. 


CONCLUSION 


The library of the Institute of Gas Technology is or- 
ganized to serve three groups: 

1. The Gas Institute staff and students, integrating 
the service closely with the educational and research 
programs so that each may utilize technical literature 
with minimum effort and maximum effect. 

2. Member companies, to help them gain the great- 
est possible benefit from the literature either by direct 
service or as recipients of services rendered to the in- 
stitute’s educational and research programs. 

3. The gas industry, through use of the library’s 
facilities and through publication of Gas Technology 
Review and other compilations prepared for public dis- 
tribution. 


The Use of Microfilm in the Research Library 


ROSS C. CIBELLA 


Hall Laboratories, Inc., Pittsburgh, Pennsylvania 


ICROPHOTOGRAPHY is not new. As far back 
as 1871, during the siege of Paris, Dagron made 
reductions of printed dispatches upon photographic 
film which were carried out of Paris by pigeons. In 
1925, Watson Davis and Dr. Edwin Slosson investi- 
gated the application of microphotography to scientific 
literature (1). However, it was not until the middle 
30’s that it began to gain impetus. Today it has a role 
of great importance, because of both limited traveling 
facilities and the need for the dissemination of scientific 
information for the war effort. That microphotog- 
raphy has reached a stage of importance is evidenced 
by the number of publications on the subject, including 
a journal devoted almost entirely to microfilms (2). 
Small strips of microfilm can bring to the research 
worker that which heretofore was unobtainable. Rare 
books, theses, manuscripts, and now even enemy 
scientific publications are brought to the scientist at a 
small cost. However, like the new compound in chem- 
istry, this has not been put to its full use. 


16-MM. FILM 
There are two sizes of microfilm in common use to- 
day, the 16-mm. and the 35-mm. Each can serve a 
definite purpose in a research library. The 16-mm. film 
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is used wherever possible because of its smaller size 
and cost. This film can be used to reproduce items to 
which reference is infrequent. In a research library 
this type of film can be used for the preservation of 
valuable materials. 

As you look around your library you will see many 
items which cannot be readily replaced. The card 
catalog of your book and pamphlet collection could 
not be replaced without duplicating years of patient 
and careful work. In most cases, the library catalog 
represents a bibliography of the interests of your firm 
or laboratory. Even if the original books are de- 
stroyed by fire a copy of the catalog could be used for 
reordering. No amount of insurance can replace your 
catalog, but for a few cents protection and replacement 
can be assured by microfilming the entire catalog. 
Many laboratories house their research reports and 
laboratory notebooks in the library. Here are two 
items which can never be replaced without duplicating 
the work in the laboratory. Microfilm copies can be 
made of these valuable records and the film stored else- 
where in a safe place. At this point I might add a word 
of warning; examine microfilms carefully before filing. 
Mistakes are sometimes made by the operator, or the 
camera may be out of adjustment. Play safe. Origi- 
nal manuscripts and rare books on chemistry are the 
cherished possessions of libraries and would be difficult 
to replace. The microfilm copy would at least preserve 
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the original handwriting of the author. Sixteen- 
millimeter film, because of its smaller size and cost, 
lends itself well to this method of insurance. The 
automatic camera which can photograph single sheets 
at the rate of 60 to 70 per minute makes photographing 
a simple task. The average cost of microfilming in 
quantities a sheet 81/2.” 11” is less than one-tenth 
of one cent. Sixteen-millimeter film could also be used 
to preserve bibliographies, letter files, collections of 
papers in special arrangements, graphs and diagrams, 
and even discarded books which might be called for 
at a later date. It is possible to type copies from a 
projection of this film or to make a projection print on 
photographic paper. Using a sheet 8/2” X 11” as 
an example, 2500 sheets could be photographed on a 
100-foot roll of this size film. The space occupied by 
such a roll measures 4” XK 4” X 1” in size, or 16 cubic 
inches. 


35-MM. FILM 


Thirty-five-millimeter film can be substituted for all 
of the above-mentioned uses. It is true that the cost 
of this size film is much greater than the 16-mm. size, 
but it has its advantages in &ffording greater magni- 
fications. This type of film is commonly used in the 
scientific field. It is preferred where there would be 
frequent reference to the film. Periodical references, 
books, bibliographies, theses, translations, manuscripts, 
and other types of research material can be copied on 
this size film at a very low cost. Papers and docu- 
ments, which formerly required trips across the coun- 
try, or even to Europe, can now be examined in your 
own library at a fraction of the cost of the trip. Whether 
it be a book or a short run of 10 or 15 pages, micro- 
films prove economical. In short runs the average 
charge per page is approximately three cents. In 
longer runs it drops to as low as 1/2 cent per page. 


BIBLIOGRAPHIES 


Every library, laboratory, or research worker sooner 
or later comes in contact with a bibliography. Whether 
it be in the preparation or in the examination of the 
references, microfilms offer an economical and satis- 
factory means for assembling information in one place. 
Because of the widespread use of microfilms, copies of 
scientific papers can be ordered from practically all 
parts of the world. Without traveling outside your 
own office, copies of each item listed in a bibliography 
can be examined at your convenience. It is possible 
to splice each reference onto reels in an arrangement 
by author, subject, or chronology. Material such as 
appears in theses, laboratory reports, laboratory notes, 
and even manuscript copies of talks never published 
can be included to make the collection all inclusive. 
The cost of obtaining these microfilms is small. 


REFERENCES 
The occasional reference always presents a problem. 
It isn’t important enough to justify a long trip, and 
duplication by ordinary methods would be too expen- 
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sive. Microfilms here prove to bea boon. A 40- or 
50-page article on microfilm could be ordered from, say, 
the U. S. Department of Agriculture for 50 cents. 
After it has served its purpose it could be discarded or 
filed for future use. Microfilms, where available, 
have reduced the number of interlibrary loans, saving 
wear and tear on valuable reference books. 


AMERICAN DOCUMENTATION INSTITUTE 


Some time ago, the American Documentation In- 
stitute announced that they would microfilm complete 
or partial sets of old journals such as Annalen der 
Chemie, Biochemical Journal, Index Medicus, Journal of 
Physical Chemistry, etc., for an average charge of 
3/, of one cent per page. Here was an opportunity 
to obtain some of these sets on microfilm which are 
not readily available today in the original. The 
American Documentation Institute also offered its 
facilities to various scientific organizations. It pro- 
posed to act as a depository for the organization’s 
papers. A document number could be assigned to 
that paper to facilitate ordering microfilms or photo- 
prints. This same organization has available micro- 
films of translations from Oriental countries, which 
can be purchased at a very nominal cost. Unfortu- 
nately, the response to these services has not been very 
great. The learned scientist must also be educated to 
the benefits and economies of microfilms. Here in our 
own Society, there are presented each year hundreds 
of papers which are never printed in full. Such papers 
should be available to interested scholars without any 
personal expense to the author for typed reprints. 
Papers which for any reason are not printed in full 
could be abstracted in a subject journal with an 
A. D. I. order number. Those interested in the full 
paper could order a microfilm copy of the manuscript 
at a very small cost. Theses, lectures, talks, and other 
sources of knowledge could become available through 
microphotography. 


PATENTS 


Patents constitute an essential source of information 
in most industrial libraries. Patents are usually filed 
numerically by patent number. However, there usu- 
ally is a great demand for patents by class number (sub- 
ject). Very few libraries can afford the space and cost 
for keeping several sets of patents. Here again, micro- 
films can be used advantageously. The original file 
can be arranged by class and photographed; it can 
then be rearranged by author or assignee and photo- 
graphed. The original patents can then be re-filed 
numerically. With one set of patents a number of 
arrangements are possible. Microfilms can also be 
utilized in copying patents which are not printed, such 
as those from Canada, Belgium, etc. File wrappers 
could also be duplicated by this inexpensive method. 


READING MACHINES 


Unfortunately, microfilms cannot be read with the 
naked eye. Some means of magnification is necessary. 
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Although reading glasses and homemade projectors 
can be used for this purpose, there are on the market 
today a number of microfilm reading machines ranging 
in price from, $32.50 to over $300. Some of these 
machines will project a 35-mm. film to a size larger 
than a newspaper page. The more inexpensive ma- 
chines will enlarge 12 diameters. Most reading machines 
are designed to project film in either short strips or in 
100-foot reels. An excellent series of articles appeared 
recently in which detailed information on reading 
machines and their construction was presented in a 
clear and concise manner (15). Before you purchase 
a reading machine, or even if you already own one, it is 
suggested that you read this series. 


FILING AND STORAGE 


The number of methods of filing film is as many as 
there are collections. Some prefer to keep the film in the 
original container; others cut the film into strips ap- 
proximately 6 inches long and file in cellophane or 
transparent envelopes (10). Others utilize small metal 
cannisters for the filing of short strips, and the 100-foot 
spools for longer lengths. Some combine the above 
methods for their own specific uses. In our own library 
each film is indexed as received and assigned a tempo- 
rary Classification number. This strip is then filed in a 
small, 1-inch cannister bearing this temporary number. 
When a sufficient number of papers are received on 
the same subject, the film is spliced onto a 100-foot 
spool, alphabetically by author. The new index 
card contains the number of the spool (7). The films 
can be filed in an ordinary vertical file, or a microfilm 
storage cabinet. Where humidity is rather low, it is 
suggested that a wet sponge or a humidifier be kept in 
the same cabinet (6). 

Although microfilms have proved a boon to the re- 
search worker they are not perfect. They offer an 
economical and space-saving method of reproducing 
the written word, but are not so easily read as the 


original. Filing methods have not as yet reached the 
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stage of standardization, so that each system is a make- 
shift one. The psychological drawback to. the use of 
anything new will tend to keep the more conservative 
from making full use of microfilms. Dr. Watson Davis 
recently looked into the future when he wrote, “‘Micro- 
films, popularized by V-mail, may carry a major burden 
of the world’s speedy intelligence between far places, 
while the miniature photographic images will preserve 
and condense the astounding volume of the written rec- 
ord of our complex civilization, probably more of it 
than should be preserved” (14). 


BIBLIOGRAPHY 


(1) Davis, ‘‘Microphotographic duplication in the service of 
science,’ ‘‘Microphotography for Libraries,’? American 
Library Association, Chicago, 1936, Vol. 1, pp. 47-52. 

(2) AMERICAN LIBRARY ASSOCIATION, Journal of Documentary 
Reproduction, 1 (1938). 

(3) Raney, “Microphotography for Libraries,” 
Library Association, Chicago, 1936, Vol. 1. 

(4) RANneEY, tbid., 1937, Vol. 2. 

(5) CrBELLA, compiler, ‘Directory of Microfilm Sources, In- 
cluding Photostat Service,’’ Special Libraries Association, 
New York, 1941. 

(6) Fusster, “Photographic Reproduction for Libraries,” 
University of Chicago Press, Chicago, 1942. 

(7) CrBELLA, Special Libraries, 30, 160-3, 209 (1939). 

(8) JaKEs, Special Libraries, 30, 163-5 (1939). 

(9) Dice, Science, 69, 39-40 (1939). 

(10) GerouLtp, Library Journal, 62, 682-3 (1937). 

(11) SEIDELL, Science, 89, 32-4 (1939). 

(12) Wricut, Library Journal, 63, 530-2 (1938). 

(13) Taoay Journal of Documentary Reproduction, 4, 150-7 
1941). 


American 


(14) Davis, Science News Letter, 44, 26-8 (1943). 

(15) LircHFrELD AND BENNETT, Special Libraries, 34, 15-20, 
45-50, 81-8, 123-30, 157-64, 379-84 (1943). 

(16) ScrrBNER, “Summary report of research at the National 
Bureau of Standards on the stability and preservation of 
records on photographic film,’’ Miscellaneous Publication 
M162, May 6, 1939. 

(17) SEmeELL, “The application of microfilms to the compila- 
tion of scientific data,’’ Congrés Mondial de la Documen- 
tation Universelle,’’ Paris, 1937, pp. 89-90. 

(18) mrt Journal of Documentary Reproduction, 2, 56-8 

1939). 

(19) Danton, ibid., 1, 297-315 (1938); 2, 221-4 (1939). 

(20) SEIDELL, Science, 85, 240-2 (1937). 

(21) bier Journal of Documentary Reproduction, 4, 150-7 

1941). 


Sir William Bragg, the famous physicist, once quoted from a letter written in 1675 by a 
certain Dr. Jessop of Yorkshire about procedures in that ancient day for reviving miners 


who had been overcome by mine damps. 


“The ordinary method,” says Dr. Jessop, “‘is to 


dig a hole in the earth and lay them on their bellies with their mouths in it: if that fail 


they turn them full of good ale: but if that fail they conclude them desperate.”’ 


Tech- 


niques of artificial respiration have changed considerably since those days, as many a cur- 
rent First Aider can testify, but for better reason than that of a chemist friend, who, after 
reading the foregoing, commented: ‘“‘What a dreadful waste of ale.’’°—Silicate P’s and Q’s 


We predict that the next big fortune will be made by the man who invents a slen- 
derizing diet that tastes as good as a double chocolate ice cream soda. 














The Importance of Scientific Literature 
in Patent Applications 


PAUL J. CULHANE 


E, I. du Pont de Nemours and Company, Wilmington, Delaware 


N IMPORTANT aspect of research is that of pat- 

ent protection on the results of research. The 

first official step in the obtaining of this patent protec- 
tion is the filing of a patent application. 

The importance of an adequate patent application 
cannot be too strongly stressed since nothing new in 
substance can be added to the patent application after 
it has been filed. The wording of the application can 
be changed, claims may be added, amended, or canceled 
but all the changes must be within the framework of 
the application as filed. The preparation of the patent 
application is therefore deserving of great care. While 
the form of the application demands adequate atten- 
tion, so that the invention may be presented to the Pat- 
ent Office in such manner as to ensure its best considera- 
tion, an even more important requirement is that of the 
substance—the subject matter gathered together in the 
application and declared to be the invention of the ap- 
plicant. 

The knowledge of what may and what may not be 
included as the invention of the applicant is largely de- 
termined by the work done by the inventor and that 
done before him. The work done before the inventor 
is, for many cases, that recorded in the literature— 
patents, journal articles, etc. This scientific back- 
ground for the invention should, in many cases, be 
available to the inventor when he initiates the labora- 
tory portion of his research, since otherwise he carries 
through his research as though blindfolded. At times, 
however, the background of the research is not thor- 
oughly explored and we have the situation in which the 
researcher, in ignorance of what has been done before 
him, proceeds to repeat the work of others, to obtain 
the same results as those others, to waste time, money, 
and material, and to advance the frontiers of knowledge 
not at all. This is perhaps the most expensive result 
of inadequate knowledge of the scientific literature in 
connection with patent applications, for facts experi- 
mentally determined are expensively determined. 
When experimentally redetermined, they are redeter- 
mined at an expense ordinarily not justified, since the 
scientific literature has them available at lower cost. 

The wastage involved in useless repetition of labora- 
tory work is usually not the direct concern of the patent 
attorney. The second and third results of the incom- \ 
plete utilization of the literature do, however, concern | 
him, 7. e., that of attempting too little in patent pro-/ 
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tection and that of attempting too much in patent pro- 
tection. 

The research in many cases opens up new possibilities, 
and a literature survey adequate at the beginning of 
the research may need supplementing to explore the 
new possibilities. An adequate literature background 
for the patent application must therefore include any 
supplemental survey called for by the results of the re- 
search. 

The second result of an inadequate literature back- 
ground is that of attempting too little in patent pro- 
tection, 7. e., that of a deficient appreciation of the im- 
plications of the invention. While this necessarily in- 
volves inventive genius, nevertheless the scientific 
literature furnishes the material on which the genius of 
the inventor may work, and if the scientific literature 
is unknown the material is lacking from which the in- 
vention may be wrought. Thus an inventor working 
with a class A of materials but unacquainted with prior 
knowledge that this class is equivalent in some relation- 
ships to another class B of materials (7. e., unacquainted 
with the complete literature background with respect 
to class A) makes an invention with respect to class A 
but does not extend his investigation to class B. 

Another investigator with a better appreciation of 
the literature, on making an invention with respect to 
class A, is inspired to investigate class B and finds that 
class B is equivalent to class A in the inventive respect. 
He may further put two and two together and find that 
what was true of classes A and B is true of some genus 
inclusive of classes A and B and other classes. 

Should both inventors apply for patent protection, 
the less appreciative inventor can at most have pro- 
tection on class A. The more appreciative inventor 
can at least have protection on class B and may even 
have protection on the broad genus if he is early enough. 

The less appreciative inventor may, because of special 
circumstances, even come to appreciate the related 
class B or the broader genus, but too late—and be de- 
barred from patent protection on the related class and 
the broader class. 

Furthermore, should the less appreciative inventor 
issue a patent on class A, an investigator with adequate 
knowledge of the literature may, with the necessary 
“flash of genius,”’ correlate classes A and B, file on class 
B, and obtain a patent thereon. 

The third result of an insufficient literature back- 
ground is that of attempting too much in the way of 
patent protection, 7. e., claiming an alleged invention so 
broadly as to include what is already available to the 
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public. Such claiming leads to difficulties in the pro- 
tection of the patent application in the Patent Office or, 
if not there, to difficulties in the defense of the patent 
in the courts. These difficulties are psychological and 
legal. It might better be said that the difficulties are 
in the range from psychological to legal. 

In this case, when the invention is presented to the 
Examiner, the true invention is presented together with 
what is old as an essentially homogeneous unit. Should 
_ the Examiner determine, from his search, that the ap- 

plicant seeks domination of that which is old, it is but 
human for him to consider the new equivalent to, or 
obvious from, the old, 7. e., not inventively new. The 
cases are numerous wherein applications are rejected 
by the Patent Office or Courts appellate therefrom be- 
cause the applicant has made his improvement equiva- 
lent to what was already known. 


“Since appellant’s disclosure appears to treat intaglio and 
cameo marks as equivalents we are unable to see how he can 
successfully urge the patentability of a claim specific to one 
equivalent when the other is clearly shown in the prior art.”— 
In re WiTHINGTON 26 CCPA, 1290 (1939). 


Such an unfortunate outcome may be avoided where 
the applicant can convince the Examiner or the appel- 
late tribunal that the equivalence is not a priori, but 
found by the applicant. 





JOURNAL OF CHEMICAL EDUCATION 


‘We do not feel that a case of an applicant should be rejected 
on his own showing of equivalency. It is only where the equiva- 
lency of certain materials is known to the prior art that the sub- 
stitution of one for another is not invention.” —Ex parte SHELTON, 
49 U.S. Patents Quarterly, 36, 37 (1941). 


This frequently requires, however, an appeal from the 
Examiner with the attendant expense, which is usuall 
considerably more than a good literature survey would 
have cost in the first place. 

The final unfortunate result, one which is probably 
less frequent, is that a patent is obtained which, because 
of ignorance of pertinent literature by both applicant 
and Patent Office, is so broad in its claiming as to be in- 
valid. This patent, if sued on, would merely be a sink 
down which litigation costs would be poured without 
useful result, except that the patent would be removed 
as an unjustified obstacle to progress. When not sued 
on, the patent may prove to be disadvantageous to 
others than the owner, who may be forced to consider it 
and to have searches made to invalidate it, if they are 
sufficiently interested in the field. 

A proper appreciation of the value and necessity of 
an adequate literature survey is not prevalent enough. 
This is particularly marked with less experienced chem- 
ists. The older chemist probably has seen the unfor- 
tunate results above noted sufficiently often that he is 
aware of the danger. 


Patent Service; An Arm of Research’ 


WILFRED W. SMITH 


E. I. du Pont de Nemours and Company, Wilmington, Delaware 


HE RESEARCH chemist, in the course of his 

training, learns to rely on the chemical literature to 
provide inspiration as well as information in the chosen 
field of research. In passing from academic to indus- 
trial research the student is frequently not advised, and 
it sometimes takes him years to realize, that he can no 
longer rely on the journal literature. In the industrial 
world, patents are the best literature, because industry 
prefers to publish the results of its research efforts 
through this medium rather than through the chemical 
journals. Delay in publication until completion of 
prosecution, together with the desire to secure the pro- 
tection afforded by the issued patent, are among the 
reasons for this preference. 

Patents have been called the textbooks of modern 
industrial chemistry. The “chapters” are not pub- 
lished in sequence, however, and frequent digressions 
from the main theme appear to distract the reader. 
Patents, particularly chemical patents, of two or three 
decades ago were often written in such a way as to con- 
fuse or even mislead the reader, although this has been 
largely corrected in the last 10 or 15 years. A certain 
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American Chemical Society, 106th meeting, Pittsburgh, Pennsyl- 
vania, September 7, 1943. 


legal atmosphere, an anathema to many chemists, sur- 
rounds a patent. Consequently, there is a tendency 
for the research chemist to avoid use of this textbook 
even though by so doing he deprives himself of a wealth 
of information and a source of inspiration. 

Patent Service is designed to make patent literature 
available in attractive, useful form. As we vistialize 
its functions, Patent Service also arranges for the con- 
version of inventions into patent applications, guards 
the industrial progress from patent infringement, as- 
sists management in the negotiation and administra- 
tion of licenses or other patent agreements, and in gen- 
eral acts in a liaison capacity between the technical 
staff and the legal staff. For the immediate purposes 
of this paper, the discussion will be confined to patent_) 
library aspects and particularly to one method which 
offers promise in view of our experience. 

The personnel of Patent Service is technically trained, 
preferably in a variety of fields to suit the industry or 
research organization it is intended to serve. An or- 
ganic chemist, a physical chemist, chemical and mechani- 
cal engineers, to mention a few, are withdrawn from 
actual research work and charged with the responsi- 
bility of collecting, correlating, and analyzing the 
patent literature. Generally of research caliber, these 
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chemists adopt a research approach toward patents. 
They are familiar with the needs of the research chemist 
and relieve him of the necessity of stopping his research 
activity to search the art. With them, patents come 
first rather than last, are studied eagerly rather than 
reluctantly, and they enthusiastically watch the de- 
velopment of the art. 

The Patent Service constitutes a unit closely cooper- 
ative with, but distinct from, the chemical research 
units. It cuts across all lines of research and can in 
many instances integrate the activities of two or more 
units. 

A Patent Service member is assigned to a certain 
field or research section and draws literature pertinent 
to his assignment from the patent art of the world. 
Thus, for example, he will read the patent gazettes 
and journals, ordering copies of those patents he be- 
lieves will be of current or future interest to him. His 
experience in the field and his close association with the 
research chemists enable him to recognize the pertinent 
art. Once assembled, the art is available in classified 
form for technical study by the research chemist or for 
novelty, infringement, or anticipation study by the 
Patent Service man at a later date. 

The first task of the Patent Service man, if he is not 
drawn from an existing Research unit, is to acquaint 
himself thoroughly with the going industrial process in 
the field of his assignment. This may be accomplished 
by spending adequate time in the plant watching opera- 
tions, or even participating in the operations if a student 
operator course is available, as is frequently the case. 
A study of the research activities in progress will bring 
him up to date and acquaint him with current interests 
of the research units he is to serve. With this back- 
ground he is really ready to begin as a Patent Service 
man. 

The next task is the organization of an indexing sys- 
tem for the patent literature which he will assemble. 
In our experience this can best be based on the flow of 
process steps in the plant. To illustrate, let us consider 
the viscose rayon industry, starting with cellulose 
which constitutes the essential raw material. A series 
of major captions or subject classes is set up to cover 
sources of cellulose, preparation of cellulose, prepara- 
tion of alkali cellulose, xanthation, and preparation of 
viscose. Minor captions are selected to cover sub- 
élasses of each of these subjects, usually depending on 
specific operations. Thus, for example, under the 
major caption for preparation of alkali cellulose the 
minor captions would include: steeping caustic, its 
preparation and recovery; pressing methods and 
equipment; alkali cellulose shredding; aging; and 
the necessary equipment for these operations. In this 
way a complete subject index of operations can be ar- 
ranged, up through the completed viscose manufacture. 

Similarly, major and minor captions can be selected 
to cover the various operational steps for conversion of 
viscose into rayon yarn, for the finishing of the yarn 
including the numerous after-treatments such as wash- 
ing, bleaching, sizing, twisting, winding, and packaging. 
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If desired, even the fabrication and the uses of the fab- 
rics may be similarly classified. 

The major captions will afford a ready means for lo- 
cating in the list the numerous minor captions which are 
specific. As the system grows, more minor captions 
may be inserted to care for new steps or for the more 
specific classification of items which have been tempo- 
rarily classified under the major caption. 

The indexing system having been established, the 
Patent Service man is ready to select and abstract the 
patents in the art. Assuming that we have a going 
organization with several Patent Service members, the 
current patent gazettes or journals are routed to a pri- 
mary reader who undertakes to order copies of patents of 
interest to the entire group, designating at that time 
the Patent Service member most likely to be interested. 
The patents so selected are ordered immediately, and 
the gazette is then routed to the remaining Patent 
Service members. In this way the obviously interest- 
ing patents are ordered without delay, and the second- 
ary readers serve to check for patents in which the in- 
terest is new or specialized, while at the same time inad- 
vertent omissions may be avoided. 

When the patents are received they are routed accord- 
ing to the designations noted in the gazette at the time 
of ordering, whereupon they are read and abstracted. 
The abstract is made from the disclosure of the patent 
rather than the claims, although obviously the new 
subject matter on which the claims are based is noted 
and an attempt is made to earmark the novelty over 
the prior art. The abstractor reads also between the 
lines and integrates the new patent with the prior art. 
When the abstract is complete one or more captions 
are selected, using the minor captions which fit best, 
and a major caption only if there is no appropriate 
minor caption or the subject matter seems to warrant 
broader consideration. In some cases the abstractor 
will route the patent to one or more of the other Patent 
Service members because disclosures may be pertinent 
to his field, in which case he may wish to add captions 
or modify the abstract. We have also found it desirable 
to clear all abstracted patents through one member, 
either the Director or Assistant Director, so that he can 
be generally familiar with the nature of current patent 
art and in general correlate the art with new interests 
which are constantly arising. The patent is then ready 
for carding. 

In some instances an especially interesting patent 
which deserves special consideration is noted in the 
gazette. Such a patent is designated for ‘Special 
Handling,”’ is ordered perhaps by wire, is abstracted 
immediately upon receipt, and then sent to the research 
or management group most affected. In other cases a 
patent, ordered in routine fashion, will appear, upon 
abstracting, to be particularly pertinent to the work of 
a certain research chemist. In such a case, after the 
abstract has been carded the patent is sent to the chem- 
ist, without waiting for him to order it through the 
Patent Bulletin, with a special note indicating why it is 
sent. Obviously many other instances will arise af- 
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fording oppportunity for close cooperation between 
Patent Service and the research chemists. 

For carding we have found that a good grade of or- 
dinary letterhead paper is most useful. Cut to 5” X 
8” card size, it is serviceable but lighter and more com- 
pact than regular filing card stock would be. Cards 
are prepared simultaneously for several files, using dif- 
ferent colors for each file, which include a subject file, 
a serial number file, and an inventor-assignee file. 
Each card will show, in addition to the abstract, all 
captions selected, the patent number, the inventor’s 
name or names, the assignee, and any remarks the ab- 
stractor may wish, such as designating that a transla- 
tion or a file history is available. A separate card is 
made for each caption and for each inventor and as- 
signee. When filed, these cards provide ready access 
to the patent, and the patent is related to others of 
similar character by means of the subject captions. 

When the captions are selected by the abstractor, if 
there is more than one, the most pertinent is marked 
with a suitable symbol and that caption is used in as- 
sembling the Patent Bulletin. The latter is published 
monthly and contains abstracts of all interesting pat- 
ents collected during the month. The complete ab- 
stracts and the identifying data are listed, assembled in 
the order of process steps, etc., according to the original 
caption list discussed above. The Patent Bulletin is 
sent to all research groups and management groups, as 
well as to any others interested. It constitutes a com- 
pilation of current abstracts which can be filed as such 
or clipped to build a file to suit the needs of each man 
receiving it. It also serves as an index of newly ac- 
quired patents from which the research man may order. 

When the Patent Bulletin is issued, copies of all pat- 
ents listed are set aside for a period—conveniently a 
month—for loan to the research people if ordered from 
the Bulletin. Ultimately, however, the patents are 
filed in books according to the subject captions indi- 
cated on the abstract card, a separate copy being pro- 
vided for each book to avoid cross indexing and to facili- 
tate the use of the books of patents. 

The system provides two means for locating patents 
according to subject. The subject cards may be ex- 
amined or the patents themselves may be used in handy 
book collections of related art. The latter are particu- 
larly useful when searches are made for pictures of ap- 
paratus, or if a research chemist wishes to see what the 
art discloses in a given field. The generous use of cap- 
tions will spot copies in different books so that they will 
frequently serve a diversity of interests. 

Thus far, we have discussed the assembly of a patent 
library in a form which is readily accessible and keyed 
into the operations of a manufacturing unit. The re- 
search chemist has been spared the task of culling the 
worth-while portions from the vast amount of patent 
literature, and the job has been done by a staff familiar 
with the peculiarities of patent literature. Beyond 


this, Patent Service may use the library as a valuable 
adjunct to research. 
As a research organization itself, Patent Service is 
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prepared to contribute. For example, suppose that a 
research project is contemplated to develop an im- 
proved spinning bath for viscose rayon yarn. The 
Patent Service collection of patents on spinning baths 
may be examined by the Patent Service man assigned 
to the field. The spinning baths known to the art may 
be classified and the results tabulated. The field avail- 
able for further modification is clearly indicated and the 
expired art designates a field in which there can be no 
patent obstacles. Certain phases of the project may 
be rejected and others retained in the fields available. 
Close prior art can be reworked and the problem solved 
or a solution indicated. If an already patented modi- 
fication does the work, negotiations for license may be 
less expensive and more fruitful than an extended re- 
search, and the time of the research man may be saved 
for other projects. In any event, a course can be 
charted with full appreciation of patent art, while 
probable infringements can be anticipated and either 
avoided or reconciled while the project is yet young. 

Patent Service may also provide valuable surveys 
of the work of others in the field. By careful study of 
all patents of a certain class an insight into the trend of 
improvement may be obtained. A series of patents in 
a given field may contain a common thread which, when 
unraveled, will reveal a pattern into which many pat- 
ents will fit, thereby explaining the nature of the re- 
sults obtained by others. It is only by a study of all 
patents, side by side, however, that this information 
can be discovered. The Patent Service man is best 
equipped to do this kind of work because his familiarity 
with patent specifications and his ability to read be- 
tween the lines enable him to discard those patents 
which are incidental or even deceptive in value, while 
he retains those which are really pertinent. Such a 
survey may even enable him to predict new products in 
time to forearm his own research group. 

The task of the research chemist is not complete until 
adequate steps have been taken to insure enjoyment of 
the fruits of his research. Patent Service is admirably 
suited for this part of the task. Given the research 
data, the reasons for its development, and the advan- 
tages of using it, the Patent Service man is able to sub- 
tract the prior art and build with the remainder a struc- 
ture which can serve as the framework for one or more 
patent applications to protect the research. Because 
he is essentially a technically trained worker who is 
enthusiastic about patents, he is in a position to utilize 
research tactics in the patent field with greater ease 
than the research chemist who reserves patents for a 
rainy day and hopes for fair weather. 

The last mentioned is an activity of Patent Service 
foreign to library techniques but highly intriguing. It 
is a source of great satisfaction to both research chem- 
ists and Patent Service personnel to find that references 
cited by the Patent Office Examiner during prosecution 
of applications are familiar ones, for which suitable 
arguments have already been prepared as the result of 
the technique of Patent Service in creating and main- 
taining its patent library. 
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DEXTER NORTH 


Division of Patent Administration, Alien Property Custodian, Washington, D. C. 


HE OFFICE of the Alien Property Custodian, in 

the short period of time since its creation in March, 
1942, has stimulated research in the chemical indus- 
tries, and supplied useful tools for carrying on this re- 
search. These contributions have been through the 
medium of three different instrumentalities: the many 
patents which the Custodian has vested, the vested 
corporations, and the reproduction of foreign scientific 
and technical periodicals and books. Each of these 
activities merits separate discussion. With respect to 
the seized patents, some background information con- 
cerning them will be helpful to a more complete under- 
standing of the many ways in which the Custodian has 
aided or contemplates aiding chemical research. 

As of July 12, 1943, the Alien Property Custodian 
has vested 41,581 patents and patent applications of 
enemy aliens, and nationals of occupied countries, or 
over three times the number seized in World War I. 
This total is divided as follows: 





PI oe cio caic vec sn 26,001 patents—3440 applications 
Enemy-occupied........ 10,850 patents—1280 applications 
ae oe et 36,861 patents—4720 applications 


Included in the applications are 264 cases vested after 
they became abandoned, and some which have sub- 
sequently been divested. These holdings, representing 
over 6 per cent of all unexpired or ‘“‘live’ United 
States patents, constitute the largest number of United 
States patents under one control. They include in- 
ventions of leading scientists and technicians of Europe, 
and cover virtually every field of invention. Perhaps 
20 per cent of them relate to the chemical and so-called 
process industries. Among them are many inventions 
pertaining to plastics, elastomers, synthetic fibers, 
coatings, hydrocarbon chemicals, textile chemicals and 
processing, metallurgy including ferrous and nonferrous 
alloys, and photography. Of unusual interest might 
be mentioned the Italian patent applications on pro- 
duction of artificial fibers from casein; German pat- 
ents on hydrocarbon chemicals and on alloys; and the 
Krupp patents on tungsten carbide which have only 
recently been assigned to the Custodian by the General 
Electric Company. 

The patents were seized for the threefold purpose of 
increasing the effectiveness of our war production, stimu- 
lating basic and applied research in the fields covered 

1 Presented before the Division of Chemical Education of the 
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by these inventions, and assisting in the development 
of new production techniques for a sound business in a 
postwar world. What greater challenge could be given 
to American industry by this wealth of inventions and 
disclosures than to make use of the best ones for the 
war effort and for the postwar period? It is gratifying, 
therefore, to report that many chemical firms are study- 
ing these patents with the view to applying for licenses. 

The character of the patents under which licenses 
have been granted in chemical and related fields is of 
interest as indicative that research is frequently neces- 
sary for their commercial exploitation. Interesting 
patents which have been licensed include those relating 
to a tin refining process, manufacture of alumina from 
clay, fibers derived from milk protein bases, rust and 
corrosion inhibitors, production of acetylene and ethy]l- 
ene from hydrocarbons, synthetic resin molding com- 
positions, production of polymerization products, high 
tensile rayon, moth-, water-, rot-, and fireproofing of 
textiles, ion exchange resins, processing of tall oil, wet- 
ting, penetrating and washing compounds, production 
of hydrocarbons, alloys, precision lenses, cement proc- 
esses or equipment, and numerous others. Although 
the identity of the licensees may not be disclosed, there 
is an almost equal distribution in the chemical and proc- 
ess industries, between large, medium, and small manu- 
facturers. The licensing rate of $15 per patent is so 
cheap that many firms are applying for hundreds of 
patents to develop. As of August 20, 1943, the total 
number of license applications received was 482, cover- 
ing 9837 patents and patent applications. As of the 
same date, the number of licenses issued was 156, cov- 
ering 574 patents and patent applications. In both 
instances, however, some duplication exists in the 
number of patents involved. 

Let us consider the steps which the Custodian has 
taken to stimulate research for the exploitation of the 
patents whiclvhe holds in trust for the American people. 
He has established a licensing policy and program to 
make these patents available to any manufacturers who 
can use these inventions productively. The general 
terms under which licenses will be granted are: 

1. Under enemy patents and patent applications 
not already exclusively licensed, licenses will 
be nonexclusive, royalty free for the life of the 
patents. 

2. Under patents and patent applications belonging 
to nationals of enemy-occupied countries, not 
already exclusively licensed, nonexclusive li- 
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censes will be granted for the life of the patent. 
When no license is already outstanding, new 
licenses will be royalty free for the duration 
of the war and six months thereafter, and then 
subject to reasonable royalties. When non- 
exclusive royalty-bearing licenses are already 
in effect, new licenses issued by the Custodian 
will carry, for the life of the patent, the same 
royalty terms as the licenses already outstand- 
ing. 

3. Existing exclusive licenses under all vested pat- 
ents will be maintained except where the pub- 
lic interest or the needs of the licensee may re- 
quire the revision of agreements. 

4. Each licensee, unless operating under a war se- 
crecy agreement, will report periodically to the 
Custodian, on the extent of his use of the pat- 
ent. 

Discussion of the Custodian’s patent policy is not 
within the scope of this paper, except as it affects re- 
search. Objections have been made that the nonex- 
clusive licensing feature offers no incentive to venture 
capital and consequently to the research which accom- 
panies such investments. Our experience thus far has 
been that applicants for exclusive licenses have been in 
most cases willing to take nonexclusive licenses or that 
other concerns working in the same field have come for- 
ward to take nonexclusive licenses. Furthermore, 
improvement patents accrue to the benefit of the licen- 
see. Where an exclusive license is granted, none but 
the licensee has much incentive to develop improve- 
ments, and research tends to become channelized into 
narrower fields than would otherwise be the case. Again 
as the technique in one field may have potentially valu- 
able applications in other apparently unrelated fields, 
the limiting effect of an exclusive license is thus re- 
moved. Unlike commercial owners of patents, the 
Custodian is less interested in the financial gain to be 
made from his patents than in putting them to work and 
in encouraging the maximum number of different im- 
provements and applications. 

Illustrative of potentialities in nonexclusive licensing 
is the seizure of four Raschig patents on manufacture of 
chlorobenzene and synthetic phenol. The previous 
licensee has selected to replace his exclusive license with 
a nonexclusive royalty-free license. In addition to 
these four patents,? the Custodian has obtained rights 
to sublicense others under two additional patents® 
owned by the original licensee. Thus the important 
Raschig process can now be made available to others 
for improvement and development. This should re- 
sult in greater postwar progress in phenol and plastics. 
A similar situation exists with respect to the famous 
Krupp hard carbide patents‘ assigned to the Custodian 
by the General Electric Company, former exclusive 
licensee. 

Steps have been taken, and will continue to be taken, 
to acquaint the public and industry in particular with 





2 U.S. Patents 1,963,761, 1,964,768, 2,035,917, and 2,156,402. 
3U.S. Patents 2,031,179 and 2,009,023. 
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the nature of these patents, by means of publication 
of catalogs and abstracts, exhibits and talks at pro- 
fessional and technical meetings and conventions, and 
publicity in the technical and lay press. 

Many of you have seen our catalog listing titles of 
the vested patents and applications by Patent Office 
classifications. More than 3000 complete sets and 
5000 sections have been sold, a demand far in excess of 
original expectations. Subscribers to the complete 
catalog include many of the best known large manu- 
facturers and libraries, and to sections of the catalog, 
many small firms, patent attorneys, and individuals. 

For the first time in our patent history, we have 
made available specifications of pending patent ap- 
plications. Such material has never before been ac- 
cessible except to the applicants and their attorneys. 
About 4700 specifications, of which about 1200 are in 
chemical and allied fields, and excluding those subject 
to secrecy orders, have been printed and can be pur- 
chased from the Patent Office in the same manner and 
for the same price as copies of patents. The titles of 
these applications have been printed in various issues 
of the Official Gazette of the United States Patent Office, 
from April 30 through July 13, as well as in our cata- 
log. In more than 3000 instances powers to inspect 
the otherwise confidential Patent Office records relating 
to these cases have been granted to researchers, thus ma- 
terially hastening dissemination of valuable knowledge 
not previously available to science and industry. 

Of further interest are our plans to make available 
patent applications of enemy aliens and nationals of 
occupied countries not yet filed with the Patent Office, 
and also those which have been filed and have become 
abandoned. The unfiled patent applications have been 
received pursuant to the Custodian’s General Order 
No. 12, which requires reporting of all such material 
received from abroad on or after January 1, 1939. 
The number of applications reported to the Custodian 
is about 11,000, of which about 400 have been vested so 
far. A systematic search has been initiated of the 
abandoned patent applications of enemy aliens and 
nationals of occupied countries, primarily to seek dis- 
closures useful in the war effort. Although most of 
these cases were abandoned for lack of invention, 
nevertheless some of the disclosures may be of untold 
value. Consideration is now being given to procedure 
for making both unfiled and abandoned patent appli- 
cations available to industry, subject, of course, to 
withholding those which might aid our enemies. 


4U. S. Patents 1,721,416, 1,728,909, 1,757,846, 1,774,849, 
1,812,811, 1,895,959, 1,955,044, 1,956,233, 1,973,441, 1,991,912, 
1,999,888, 2,015,536, 2,019,934, 2,026,958, 2,058,110, 2,059,041, 
2,075,742, 2,077,239, 2,123,046, 2,124,488, 2,128,146, 2,162,574, 
2,166,795, 2,169,090, 2,196,009, 2,204,412, 2,224,595, 2,246,165, 
2,246,166, 2,251,007, 2,253,969, 2,279,045, 2,285,205, 2,285,909, 
2,289,104, and Serial Nos. 321,920 and 409,501. 

In addition to the above patents, the Custodian has vested 
a number of other hard metal composition patents from alien 
enemies, as follows: 1,800,122, 1,847,617, 1,740,009, 1,829,950, 
1,864,567, 1,855,994, 1,742,417, 1,992,372, 2,056,708, 1,803,882, 
2,018,752, 2,116,399, 1,811,068, 2,116,400, 1,840,457, 2,121,448. 

He has also vested the following nonenemy patents in this 
field: 2,027,763, 2,042,684, 2,093,656. 
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Although many of the patents may be of little or no 
value, either because they will not work, or because 
they are unsuited to our raw materials economy or our 
markets for the products, it would be indeed surprising 
if they did not contain a good measure of extremely 
valuable inventions. You may recall that after the 
last war, the value of the synthetic methanol patents 
which had been seized from Germany was not realized 
here until about 1925. How much more difficult the 
task is today to single out the valuable patents from 
the many times greater number available than a genera- 
tion ago! 

Thus, the very magnitude of the Custodian’s patent 
holdings, and the fact that titles of patents are fre- 
quently so general, or even sometimes misleading, has 
created a demand for a short cut or tool whereby the 
immense task of examining large numbers of patents 
to select those of real value for licensing purposes may 
be reduced to a minimum. A project has therefore 
been undertaken for abstracting all the patents and 
patent applications in chemical and allied fields, which 
should be completed before many months. This proj- 
ect was of such magnitude that it became necessary to 
seek outside assistance. The Custodian was indeed 
fortunate in securing the active cooperation of the Chi- 
cago Section of the American Chemical Society for 
this purpose. Under the able chairmanship of Dr. H. 
H. Young, a committee of some 100 members was or- 
ganized to abstract these patents, each member re- 
ceiving assignments in his own specialized field. These 
abstracts will be classified by fields of interest, in the 
scheme and indexing of which valuable cooperation is 
being given by a committee from the Special Libraries 
Association. Publication of these abstracts will permit 
quick identification of any patent bearing upon a par- 
ticular product, process, or use. 

Patents in other fields of interest, such as mechanical 
and electrical, may possibly be published in condensed 
form consisting of the drawings and typical claims given 
in the Official Gazette of the United States Patent Office. 
Because of the complexity of the fields of interest cov- 
ered by the nonchemical patents, groupings would be 
by Patent Office classifications. 

In order to acquaint the chemical industries with the 
extent and nature of his patent holdings, the Custodian 
has held exhibits of the actual copies of patents in 
chemical and allied fields at the National Chemical 
Exposition in Chicago last November, at the April 
meeting of the American Chemical Society in Detroit, 
and now at this meeting of the Society. Similar exhi- 
bits in other fields of interest have been held in other 
cities. For the convenience of the public, there have 
been assembled in the Chicago, Washington, and New 
York offices of the Custodian copies of all vested patents 
and patent applications, arranged by Patent Office classes 
and subclasses to facilitate searches in specific fields. 

Consideration is being given to other means of stimu- 
lating research relating to the vested patents. One 
plan now under discussion involves making available 
much ‘‘know-how” and other technical information in 
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the files of certain vested corporations which are now 
inactive or are patent holding companies. We are also 
giving thought to methods by which licensees may re- 
coup research expenses incurred for development pur- 
poses. 

The second major field of activity in which the Cus- 
todian has been able to make contributions to chemical 
research concerns the corporations which he has vested 
in whole or in part. The general policy of the Custo- 
dian with respect to patents owned by such corpora- 
tions will be to permit them, as operating units, to re- 
tain and continue their own management of those 
patents which are necessary to and essential in their 
business, and to permit their own managements to ad- 
minister other patents which the corporations may own, 
in accordance with the broad policies approved by the 
Custodian. For example, the Schering Corporation 
recently issued a list of 188 of its patents available for 
licensing, in the following fields: substitutes for insulin 
electroplating, synthetic menthol, thymol, and camphor, 
insecticides, photography, cellulose acetates, and a 
miscellaneous classification. 

Some of the vested corporations formerly depended 
wholly or in large part for their research upon their 
former parent foreign companies. As our entry into 
the war completely cut off these facilities, it became 
necessary for these companies to establish their own 
research organizations. The Custodian has encouraged 
such steps, and where necessary has removed foreign 
influences in these corporations. Of particular interest 
to chemists are the steps taken by General Aniline and 
Film Corporation, largest chemical company vested by 
the Custodian, and formerly controlled by the German 
I. G., to provide its own research facilities. These are 
best described by quoting excerpts from the company’s 
most recent annual report. 


“The Company has established a Research Division which 
comprises the Research Laboratory, Market Development De- 
partment, and Patent Department. This Division will include 
among its responsibilities the operation of experimental and pilot 
plants leading to the inauguration of commercial production. 

“A Central Research Laboratory has been established with 
an initial staff ...of about 100.... Smaller research groups are 
being maintained at the various plants with the main functions 
of bringing new products into commercial production and carry- 
ing on researches requiring close association with the operating 
management. 

“A Market Development Department has been organized . . . 
for the purpose of seeking profitable outlets for the products 
developed by the research laboratories and keeping the research 
staff informed of the unfilled needs of industry at large. 

“...a Patent Department was established in 1942.... 
The prompt development of . . . the Company’s patents through 
further research will comprise a major activity and may be 
expected to require substantial expenditures. Such develop- 
ment has already resulted in bringing to the point of commercial 
production a synthetic substitute for mica which is currently a 
strategic material of great importance. Also several new 
organic plastics are undergoing semicommercial trials as sub- 
stitutes for rubber and as components for use with synthetic 
rubber. 

“Certain dyes of special application to the war program and 
not now obtainable are under investigation and should become 
quickly available. Rigorous demands of the military services 
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for superior quality film, particularly color film, are stimulating 
development in this field.” 


The previous dependency of the Schering Corpora- 
tion for research on the former German parent company 
is being remedied by the erection of a new biological 
laboratory, conversion of existing space to chemical 
research, expansion of the research staff, undertaking 
of numerous clinical projects, and active participation 
in war research projects sponsored by the Committee on 
Medical Research of the National Research Council. 
Relations are being established with many public health 
agencies of Latin-American countries to determine 
what problems may confront them in the future. Stud- 
ies are being made of problems which may arise in this 
country from introduction of tropical diseases and other 
health conditions when our men return from overseas. 
Extensive studies are being made in the field of hor- 
mones. 

In the case of two other vested companies, active 
work is under way looking to the development of sev- 
eral patented products or processes. 

The Waelz' process for the recovery of zinc has been 

5U. S. Patents 1,618,204, 1,705,128, 1,728,681, 1,754,170, 
1,755,712, 1,762,867, 1,921,825. 
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widely used and is now being adapted to similar treat- 
ments of other important war materials. 

Studies are being made of the Lurgi coal process. 
A plant, built under these patents, has for a number of 
years been successfully operating on lignite coal in 
North Dakota. Experiments are now under way look- 
ing to the utilization of this process in producing a 
smokeless fuel and important acid oils from Utah coal. 

A series of protein condensate products, known as 
Lamepons,® are being marketed by one of the companies 
and arrangements have been made with a research 
laboratory to develop new uses for these materials, as 
well as improvements in manufacture. The Lamepons 
are important in the textile field as detergents, and ina 
refined form are finding uses in the cosmetic field in 
shampoos and shaving creams. They also have pos- 
sibilities for salt water soap. 

Research has also been undertaken with regard to 
certain patents on powder metallurgy’ and license con- 
tracts in this field are pending with several manu- 
facturers. ' 





®Lamepon is covered by the following U. S. Patents: 
2,015,912, 2,100,090, 2,119,872, 2,137,310, 2,144,824, 2,151,241, 
2,210,595, 2,260,123. 

7U. S. Patents: 2,151,599, 2,217,569, 2,287,082, 2,291,865, 
2,304,130, 2,305,172, 2,306,449. 


Whats Been Going Ou 


NEW material is now being employed in aircraft construction 
which possesses hitherto unattainable strength in propor- 
tion to weight. The new material is a plastic reinforced with glass 
fibers. Experimental samples are said to have been produced 
with tensile strengths of over 80,000 pounds per square inch. 
While the impact strength of ordinary plastics is about two foot- 
pounds on a standard test, samples of the glass and plastic com- 
bination have shown impact resistance of over 20 foot-pounds. 

Another important feature of the new material is that it can be 
molded into aircraft structural parts with low pressures and with- 
out the use of expensive molds. This reduces both the cost of 
fabrication and the number of man-hours required. The material 
can be machined and has the dimensional stability of the metals. 

Mr. Games Slayter, of the Owens-Corning Fiberglas Corpora- 
tion, describes the principle involved in the manufacture of glass 
and plastic combinations as follows: 

“All materials contain imperfections. If the material is uni- 
form in its structure, stresses accumulate around the imperfec- 
tions. Cracks propagate across the material and the material 
fails. Nature guards against failure of her strong materials by 
fiberizing them. A tree consists of cellulose fibers bonded with 
lignin. 

“When we draw glass into fine fibers and combine them with a 
plastic we distribute the imperfections so that there is not one 
chance in a million that those in one fiber will match with those in 
another. The finer the fibers, the wider is the distribution of im- 


perfections, and the smaller is the possibility that a stress ac- 
cumulating at an imperfection will propagate through the mass.” 

Continuous filament glass fibers now produced on a commercial 
scale have an average diameter ranging from 2/1090 of an inch 


to *8/199,000 of an inch, and a tensile strength varying from 350,000 
to 450,000 pounds per square inch. Fibers are being produced 
experimentally ranging in diameter down to 2/;9,000 of an inch. 
Fibers of this diameter have been measured with tensile strength 
as high as 3,500,000 pounds per square inch. 

Developments in the field of plastics have been heralded as 
foreshadowing revolutionary changes that will drive minerals 
from certain fields. For some purposes plastics do appear likely 
to furnish highly satisfactory replacements for certain metals, but 
plastics are more likely to provide new uses for minerals in con- 
junction with them, or to free minerals for uses to which they are 
supremely well fitted, than to result in any net decrease in the use 
of minerals. 


| "Nh stones we read now of penicillin, the potent germ- 
killer isolated from the green mold found on bread and cheese, 
penicillium notatum. A second bactericidal substance is reported 
to have been isolated from the same source, to which the name 
“‘penatin” has been given. While penicillin is a nitrogen-con- 
taining substance of low molecular weight, soluble in organic 
solvents, the new penatin is a complex protein, not dialyzable 
or extractable by organic solvents. The action of penatin is at- 
tributed to its ability to decompose dextrose with the liberation 
of hydrogen peroxide, which is toxic to bacteria. Penatin is 
highly bacteriostatic and bactericidal in the presence of dextrose, 
and is particularly effective against Gram-negative organisms 
not readily acted upon by penicillin. Fairly large doses of pena- 
tin have been injected successfully into experimental animals, and 
small amounts are even tolerated intravenously. 











Out of the Editors Bashet 


S A PORTION of the program of the Bureau of 

Educational Research in Science which is under 

the direction of Dr. S. Ralph Powers of Teachers Col- 

lege, Columbia University, New York City, Miss Veva 

McAtee has made a study of the type of chemistry 

course ideally suited to her local industrial community, 
Hammond, Indiana. 

At variance with the conclusions of the committee of 
the A. C. S., two courses in chemistry are offered at the 
George Rogers Clark High School in Hammond, In- 
diana: the regular college preparatory course and a 
general practical course for about 80 per cent of the 
pupils. In the general practical course the first half 
of the year is devoted to a study of the fundamentals 
of chemistry. The second half year is given over to 
extended specialization in some particular chemical 
topic chosen by the pupil. 

Some outgrowths of the project include evening pro- 
grams for adults, discussion groups for pupils, volun- 
tary projects undertaken by pupils, cooperation with 
other school departments, and cooperation with local 
industries, including visitation trips and part-time em- 
ployment of a few pupils. 

Pupils in both classes received excellent ratings in 
the Purdue tests, and general local enthusiasm for this 
type of a program has resulted. 


en the spring of this year the War Production Board 
conducted" a survey of requirements for safety equip- 
ment in war industries and essential civilian manufac- 
turing industries. The government learned for the 
first time, as a result of this survey, how much money 
manufacturing industries spend for safety equipment. 
All industries surveyed spent on the average of $3.80 
per capita employment in 1942. For individual in- 
dustries the range varies from 6 dollars in the chemical 
industry to 61 cents in the tanning and leather indus- 
try. Here are figures showing the per capita expendi- 
ture for safety equipment for each of the following 
major manufacturing industries: 


Chemicals $6.00 Paper $3.19 
Merchant ships 5.75 Lumber 1.93 
Aircraft manufacturing 5.22 Rubber 1.76 
Iron and steel 5.11 Food 1.75 
Mining 4.53 Construction 0.97 
Stone, clay, and glass 4.40 Textile 0.91 
Petroleum 3.98 Public utilities 0.75 
Machinery, not transpor- Tanning and leather 0.61 
tation 3.50 


It is significant that a close correlation exists between 
the amounts expended for safety equipment and the 
frequency of accidents. For example, while the chemi- 
cal industry spends the most, it enjoys one of the lowest 
frequency rates of the major industries. On the other 
hand, the lumber industry spends a relatively low 
amount for safety equipment and has the highest fre- 
quency rate. 


elf there had not been extensive recovery of alloys 
from steel scrap our supplies of these metals would 
have been insufficient to maintain the scheduled pro- 
duction of alloy steels. For a long time the distribu- 
tion of alloys for the melting of tool and stainless steels 
has been based upon obtaining a substantial proportion 
of the requirements from steel scrap. More recently, 
in the case of the engineering alloy steels, steps have 
been taken to assure full use of all the turnings being 
generated currently and to control the proper classifi- 
cation of alloy steel scrap by types. 

In a recent month the alloy steel turnings consumed 
exceeded 12 per cent of the total alloy steel ingot pro- 
duction, leading to significant conservation of the 
contained alloying metals. However, the ultimate 
potentialities of these efforts cannot be realized unless 
a broader demand for the nickel-chromium-molybde- 
num steels is created. The triple alloy steels have the 
advantage of providing flexibility in the use of alloy 
steel scrap without which the needs for the alloying 
metals would have to be satisfied from the virgin ma- 
terials. Since larger quantities of scrap can be used in 
making up furnace charges of these steels, the stock- 
piling of alloy steel scrap would be relieved, with con- 
sequent increase in the amount of alloying elements re- 
covered. 

From the metallurgical standpoint, the alloy steels 
containing combinations of nickel, chromium, and 
molybdenum have always enjoyed a good reputation. 
At present these steels are being employed in a wide 
variety of applications in Army and Navy material, 
aircraft, heavy machinery, transportation equipment, 
and other important uses. In these circumstances 
everything possible must be done to convert the engi- 
neering and constructional alloy steels to the triple 
alloy compositions. 


e@Although the practicability of using ammonium ni- 
trate as an agricultural fertilizer was questioned when 
this use was first proposed, methods of treatment have 
so improved this material that orders received for 
September and October cannot be filled entirely and 
plans are being made to increase the available supply, 
the Chemicals Division of the War Production Board 
reports. 

Last April, government capacity to produce ammo- 
nium nitrate began to exceed the amount needed for 
military explosives. The surplus then available was 
immediately diverted to agricultural use to increase the 
fertilizer supply. 

It was known that grains of ammonium nitrate tend 
to cake together on storage. The early material gave 
trouble with caking, but at the same time work was 
proceeding to make a free flowing material. This work 
has now reached the point where thousands of tons are 

(Continued on page 621) 
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Chemical Investigations 


for High-School and Junior College Students 


CHARLES H. STONE 


14 Marion Terrace, Brookline, Massachusetts 


N ITS generally accepted sense, research is a term ap- 

plied to an investigation of problems, the answers 
to which are not known, with the end of determining 
those answers and thus increasing the sum of knowl- 
edge. Such work is obviously beyond the abilities of 
the beginning student in chemistry. 

But there are many little investigative problems, 
the answers to which are known generally, but which 
present intriguing challenges to the student beginning 
the subject. A few such follow: 

1. Mercuric oxide, when heated, decomposes into 
mercury and oxygen. Do other simple oxides decom- 
pose similarly to produce oxygen and the metal? Let 
pupils heat small samples of the oxides of lead, copper, 
cadmium, zinc, and magnesium, respectively, in sepa- 
rate test tubes. Is oxygen given off in any case? What 
conclusion can be made? Where is mercury in the 
displacement series? What bearing does the position 
of a metal in this series seem to have upon the stability 
of its oxide? 

2. Manganese dioxide is a catalyst when used in 
the preparation of oxygen from potassium chlorate. 
Are other dioxides also catalysts with potassium chlo- 
rate? In separate test tubes heat 5-g. samples of 
potassium chlorate until they just begin to give off 
oxygen. Remove external heat. Drop into the tubes 
barium dioxide, lead dioxide, silicon dioxide, and tin di- 
oxide. Is the rate of evolution of oxygen influenced in 
any case? What conclusion can be reached? 

2a. Is manganese dioxide a catalyst in other reac- 
tions? Add a little manganese dioxide to heated mer- 
cury oxide, warmed hydrogen peroxide solution, and a 
reacting mixture of zinc and hydrochloric acid, in turn. 
What conclusion can be drawn? 

3. The reaction between zinc and sulfuric acid pro- 
duces hydrogen. How about other acids, such as ox- 
alic acid solution, ammonium chloride solution, acetic 
acid, nitric acid, or hydrochloric acid, both dilute and 
concentrated? Try each experiment. In which cases 
is the action slow? In which case is a gas given off 
which is obviously not hydrogen? What are the con- 
clusions? 

3a. Continuing part 3, do other metals act as well as 
zinc? Place dilute warm sulfuric acid in several test 
tubes in a rack. Now add to each tube in turn small 
pieces of iron, copper, tin, magnesium, and lead. In 
what case is hydrogen evolved? Which metals fail to 
react? What is the position of the nonreacting metals 
in the displacement series? What metals act most 
vigorously, and where are these metals located in the 


displacement series? Drop a bright dime into 5 ml. 
of concentrated hydrochloric acid contained in a large 
test tube or small beaker. What results are noted? 
What happens if a timy bit of sodium is dropped into 
warm sulfuric acid? (This experiment may be tried 
only with EXTREME CAUTION and protection of 
the experimenter, never without direct supervision by 
the instructor.) State some conclusions about the 
activity of various metals with acids. 

4. Manganese dioxide acts as an oxidizing agent 
with concentrated hydrochloric acid to liberate chlo- 
rine. Will other oxidizing agents serve? In separate 
test tubes place a very little potassium dichromate, 
potassium chlorate, lead dioxide, barium dioxide, 
mercury oxide, hydrogen peroxide solution, and potas- 
sium permanganate crystals. Add one or two drops of 
concentrated hydrochloric acid to each and warm 
gently. Note whether chlorine is liberated in any 
case. What conclusion may be drawn? 

5. Carbon dioxide is produced by the reaction be- 
tween marble chips (calcium carbonate) and hydro- 
chloric acid. Will other carbonates act similarly? 
In separate test tubes place copper carbonate, lead 
carbonate, zinc carbonate, magnesium carbonate, 
sodium carbonate, and barium carbonate, and treat 
each with dilute hydrochloric acid. Test for the pres- 
ence of carbon dioxide gas above each solid. In any 
case does the action seem to slow down gradually? 
What conclusions can be drawn? 

6. Lime (calcium oxide) is prepared by heating 
calcium carbonate. Do other carbonates act simi- 
larly? In separate small crucibles or evaporating 
dishes heat 5-g. samples each of lead carbonate, cop- 
per carbonate, cadmium carbonate, zinc carbonate, 
and other carbonates. What happens in each case? 
Describe the results. What happens when mercuric 
carbonate is heated? Explain it. Find out whether 
carbon dioxide can be made by heating dry sodium 
carbonate or dry sodium bicarbonate. Which car- 
bonates are most readily decomposed by heat? Locate 
the metals in these carbonates in the displacement 
series. What can be said about the decomposition of 
the carbonates of the alkali metals? . Where are these 
metals in the displacement series? Which carbonates 
when heated decompose into the metal as one product? 
Where are these metals in the displacement series? 
Make a general statement about the effect of heat on 
carbonates. 

7. Insolubility of product. In three test tubes 

(Continued on page 617) 
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The Use of Semimicro Technic 
in Elementary Organic Chemistry—IV 


Semimicro Chlorination of Organic Compounds’ 


NICHOLAS D. CHERONIS 
Chicago City Colleges, Chicago, Illinois 


HLORINATION of organic compounds is seldom 
used in the teaching of the laboratory part of or- 
ganic chemistry. Examination of several laboratory 
manuals disclosed only one experiment describing the 
preparation of a chloro compound (1). The time re- 
quired for this experiment is given as 6 to 12 hours. 
“Organic Syntheses” (2) lists only the chlorination of 
o-chlorobenzaldehyde, which requires 15 hours for 
completion of the chlorination of one mole of the alde- 
hyde. In the opinion of the author the danger in- 
volved in handling liquid chlorine in tanks, and the long 
time required for chlorination, as usually performed, 
are responsible for the relative absence of chlorinations 
from the organic laboratory. By the application of 
semimicro chlorination it is possible to remove most of 
the difficulties mentioned and to make available a large 
variety of experiments which can be used in the teach- 
ing of elementary organic chemistry. The basis of 
semimicro chlorination is not the diminution of the 
apparatus from a 500-ml. reaction flask to an 8-inch 
test tube. It is based upon the principle that an appre- 
ciable reaction will take place between two reactants if 
a large surface of contact exists between them; this 
implies that if one reactant is a gas and the other a 
liquid, a large surface of the gas must come in contact 
with the liquid. This condition is not realized by most 
laboratory chlorinations described in the literature, be- 
cause chlorine is bubbled into the liquid to be chlori- 
nated by means of ordinary glass tubes. Since reaction 
takes place only at the interface of the gas and liquid 
it is clear that only a very small part of the bubble will 
react as it ascends and escapes from the liquid. The 
small amount of chlorine which dissolves in the liquid 
has a better chance to react. Solvents used in chlorina- 
tions owe such efficiency as they have to their solvent 
action for chlorine. Since only the surface of a bubble 
reacts, it is logical to expect that if a large bubble is 
subdivided into 100 small ones the surface of the gas 
that will come in contact with the liquid will be tremen- 
dously increased. The essential feature of semimicro 
chlorination is that it disperses chlorine through a mi- 
croporous tube which has very fine openings varying 
from 5 to 50 microns. This principle has been success- 
fully applied to other reactions between gases and 
liquids as, for example, hydrogenation and oxidation. 
1 Presented before the Division of Chemical Education of the 
American Chemical Society, 108rd meeting, Memphis, Tennes- 
re 21, 1942, and 105th meeting, Detroit, Michigan, April 


Another feature of semimicro chlorination is that the 
small quantities which are employed permit the use of 
apparatus which enables better photochemical activa- 
tion if light is used for the reaction. Finally, the prob- 
lem of handling liquid chlorine in cylinders is solved by 
generating the required amount of chlorine by the ac- 
tion of hydrochloric acid on pyrolusite. The apparatus 
is described in the experimental part. The amount of 
chlorine required by most semimicro chlorinations 
does not exceed 2.5 to 5 liters. 


CHLORINATION OF BENZENE 


From the beginning of systematic organic chemistry, 
the study of benzene has been an honored subject, 
tempting both teachers and students to indulge in 
speculations as to its abnorraal behavior. Here is a 
hydrocarbon which should exhibit all the reactions of 
unsaturated compounds, yet it does not. Benzene is 
shown to possess three double bonds which for some 
mysterious reason do not exhibit the characteristic addi- 
tion properties of the orthodox type. The existence of 
double bonds is inferred from such experimental data 
as the formation of an ozonide and the catalytic pres- 
sure hydrogenation to cyclohexane. With reference to 
addition of chlorine, most textbooks state that in the 
presence of sunlight and absence of catalysts, chlorine 
reacts slowly to form the addition compound, benzene 
hexachloride, or 1,2,3,4,5,6-hexachlorocycfohexane, 


CsHeCls. Thus, normally (except in sunlight), benzene 
is thought to yield substitution chloro compounds. 
TABLE 1 
CHLORINATION OF BENZENE 


Conditions Products 


No reaction 

Benzene hexachloride (hexachloro- 
cyclohexane) 

Benzene hexachloride 

Benzene hexachloride 

Benzene hexachloride 

Benzene hexachloride 

Chiefly chlorobenzene; also di- 
chlorobenzene and benzene hexa- 


Cl, in dark with or without heat 
Clz in presence of sunlight (3-10) 


Cle with heat and sunlight (10, 11) 
Cle in presence of x-rays (12) 

Cle in presence of a-particles (13) 
Cle in presence of dilute alkali (14) 
Cl: in presence of sulfuric acid (15) 


chloride 

Chlorobenzene and polychloroben- 
zene 

Chlorobenzene, dichlorobenzene, and 
benzene hexachloride 

Benzene hexachloride 

Chlorobenzene 

Chlorobenzene 

Benzene hexachloride 


Cle in presence of: Fe(FeCls), 
AI(AICIs), S, I2, SbCls, SbCls, (16-21) 
Electrolytic chlorination (22) 


Liquid chlorine (23, 28) 
Chlorination by S2Clz at 250° (24) 
Chlorination by SO2Cle (25) 
Chlorination by NCls (26, 27) 


A survey of the literature, summarized in Table 1, 


6ll 
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shows that benzene hexachloride is formed: (a) by the 
action of chlorine which has been activated photochemi- 
cally; (bd) by the action of chlorine on benzene in 
presence of dilute alkali; (c) by electrolytic chlorina- 
tion. Thestandard method for preparing benzene hexa- 
chloride is chlorination in presence of dilute alkali. 
The action of chlorine on benzene in presence of vari- 
ous metal catalysts yields chlorobenzene and polychloro- 
benzenes. 

In the course of the present work, suitable experi- 
ments were developed by which it is possible to show 
that benzene reacts with chlorine with the same ease 
by addition as by substitution. The formation of ben- 
zene hexachloride takes place not only by photochemi- 
cal activation but also by catalytic activation in the 
dark. 

The addition of chlorine to benzene is induced by 
light, alkali, x-rays, a-particles, and electrolytic chlo- 
rine, and therefore can be assumed to take place rapidly 
whenever molecular chlorine is activated and forms 
chlorine atoms. The mechanism for the reaction of 
chlorine atoms with benzene has been shown to be a 
chain reaction (13, 29) represented as follows: 


Substitution 


A+ Ch — 2Cl 

Cl + C.Hes — C.Hs + HCl 

H + Ch ~ HCl + Cl 

C.H;s oh Cle —> C,I1;Cl + Cl 
Addition (rapid) 


A + Cl, > 2Cl 

Cl + Cl. + C.He —> CsH,Cl,; 
CsHoCl; — CeHeCle + Cl 
CeHeCh. + 2Cl, > CoHeClh 


It was noted by Luther and Goldberg (10) that al- 
though oxygen inhibits the photochemical chlorination 
of benzene, traces of oxygen apparently activated 
chlorine. Recently Kharasch and Brown (30) used 
sulfuryl chloride in presence of organic peroxides as 
chlorinating agent and explain their procedure as due 
to the formation of chlorine atoms. Kharasch and 
Berkman (28) showed that ascaridole markedly ac- 
celerates the reaction between cyclohexane and chlo- 
rine at 0° in the dark in air-free systems, thus estab- 
lishing that organic peroxides may initiate chlorine 
atom formation from molecular chlorine. It appeared, 
therefore, that the addition of a small amount of an 
organic peroxide to benzene in presence of chlorine 
would have the same effect as the action of photo- 
chemically activated chlorine. It was found that addi- 
tion of 0.5 to 1 per cent of benzoyl peroxide to benzene, 
while chlorine is being passed through (in the dark), 
causes a rapid addition of chlorine to take place, with 
the formation of benzene hexachloride. To the knowl- 


edge of the author it has not been previously reported 
that benzene hexachloride can be produced in appre- 
ciable quantities by addition of chlorine in the dark. 
Table 2 lists a number of experiments in semimicro 
scale which can be used to illustrate the reaction of 
benzene and chlorine by addition and substitution. 

The mechanism for the catalytic addition of chlorine 





JOURNAL OF CHEMICAL EDUCATION 


TABLE 2 
CHLORINATION OF BENZENE* aT 50° To 60° 


————Chlorinated Products 


Reaction CoH Cle CeHsCl CeHiCls 
Time Yield M. P. Yield Yield 

Conditions; Catalyst (Min.) (G) © C¢.) (G) (G) 

In the dark; heated at 60 ot acehe 0 0 
intervals 

Illuminationt 90 10t 129-131 0 0 

Illumination 60 2.5 152 0 0 

In the dark; benzoyl 60 3.4 148 0 0 
peroxide, 0.2 g. 

Illuminated; iron, 90 0 ars 7.6 3.2 

.O g. 

Illuminated; iron, 60 0 re 5.5 4.5 
0.2 g.; sulfur, 0.1 g. 

Illuminated §; benzoyl 60 8.4 146 0 0 


peroxide; 0.2 g. 





* In each run 13 g. (15 ml.) of pure benzene was used. Flow of chlorine 
60 to 80 ml. per minute. 

¢ Ten grams of unchanged benzene recovered. Residue (0.4 g.) oily, 
resembled odor of CeH6Cle, but did not crystallize. 

t Distance of 60-watt bulb from reaction tube was 2 cm. 
rine in this run was higher than in others. 

§ Commercial benzene was used without any purification. 


Flow of chlo- 


to benzene can be explained tentatively by the free radi- 
cal mechanisms proposed by previous investigators (28, 
29). 
ag ee eee wee 2C;H;— o 2CO, 
O 
C.sH;— + Cl. = C.H;Cl + Cl 


Cl + Ch + CeHs— —> CoHeCl 
643 = CyHeCle + Cl 
CsHeCh, + 2Cle 


—> C.HeCles 

From the results of the experiments summarized in 
Table 2 it appears that when the microporous disperser 
is used, the addition of chlorine is rapid, if a peroxide 
catalyst is employed either in the light or in the dark. 
Further comparison of runs 1, 5, and 6 shows that 
about the same amount of chlorine reacts by addi- 
tion as by substitution, in about the same period of time. 
Although these experiments are not quantitative, they 
can be used as evidence for the assumption that under 
appropriate conditions the addition of chlorine to ben- 
zene can be made as rapid as reactions with chlorine 
which involve substitution. Also it is of interest to 
note that commercial benzene which contains water, 
thiophene, and other impurities undergoes addition of 
chlorine with the same ease as purified benzene. 

The benzene hexachloride obtained under the condi- 
tions described is a mixture of several isomers, with the 
a-isomer predominating. Of the eight possible hexa- 
chlorocyclohexanes, four have been reported in the 
literature (2, 31, 32). The melting point of the a- 
isomer is given as 157° and 158°, the B-isomer as 297° 
and 310°, and the y- and 6-forms as 112°-113° and 
129°-132° respectively. Linden, who isolated the 
last two isomers, claims that a eutectic mixture of 79.7 
per cent of the a-isomer and 20.3 per cent of the B- 
form melts at 155.5°, which is only 1.5° lower than the 
melting point often reported for the pure a-form. The 
product obtained in this work by the action of chlorine 
in the presence of light gave an initial point of 130°- 
132°; after two crystallizations from a mixture of ben- 
zene and ethanol the product gave a constant melting 
point of 155°-156°. On the other hand the product 
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obtained by chlorination of benzene in the presence of 
benzoyl peroxide in the dark had an initial melting 
point of 148°, and after one crystallization, 155°-156°. 
On the basis of these limited observations it seems that 
photochemical activation leads to the formation of a 
mixture of several isomers, while peroxide-catalyzed 
addition gives almost exclusively the a-form. 


CHLORINATION OF TOLUENE, NAPHTHALENE, AND CYCLO- 
HEXANE 


The results of semimicro chlorinations of toluene, 
naphthalene, and cyclohexane are summarized in Tables 
3, 4, and 5. They indicate that it is possible to devise 
appropriate experiments for students to illustrate side 
chain and nuclear substitution in toluene. In the case 
of naphthalene the chlorinated products are mixtures of 
a number of isomers which are not easily separated. 
For this reason the chlorination of naphthalene is not 
recommended for student experiments. The crystal- 
line product formed by addition is a mixture of: naph- 
thalene tetrachloride (tetrachloronaphthalene-1,2,3,4- 
tetrahydride); _a-chloronaphthalene _ tetrachloride 
(1,1,2,3,4 - pentachloronaphthalene - 1,2,3,4 - tetra- 
hydride); and 1,4-dichloronaphthalene tetrachloride 
(1,2,3,4,5,8 - hexachloronaphthalene - 1,2,3,4 - tetra- 
hydride). 

The chlorination of cyclohexane takes place with 
great ease. It will be noted that the dichloro deriva- 
tives are the chief products after 30 minutes of chlorina- 
tion, particularly if peroxide is used as a catalyst. 
Therefore, chlorination for 15 to 20 minutes is consid- 
ered sufficient for student experiments. 


TABLE 3 
CHLORINATION OF TOLUENE* AT 100° To 110° 


Reaction Chlorinated Products-—— 
Time CsHsCH:Cl CsH«CICH: 
Conditions; Catalyst (Min.) (175° t0 185°) (155° to 165°) Residue 














Illumination 90 6 er 1.0 
(CeHsCOO): (dark), 60 6.5 ome 3.0 
0.2 g. 
Iron, 0.5 g. 90 7.5 1.5 
Iron, 0.1 g.; sulfur, 90 8.5 1.0 
0.1 g. 
* In each run 13 g. (15 ml.) of pure toluene was used. Flow of chlorine 
60 to 100 ml. per minute. 
TABLE 4 
CHLORINATION OF NAPHTHALENE* AT 70° TO 75° 
Chlorinated Products 
Substitution 
Addition a-C10H7Cl-oil 
Reaction CiHsCla, 182° B-CioH7Cl, 55° to 56° 
Time CywH7Cls, 131° CrH6Cle 
Conditions; Catalyst (Min.) CioH 6Cls, 172° (10 isomers) 
Illumination; no sol- 60 1.5 1!) ne oe 
vent 
CCh, 10 ml.; illumina- 60 3.2 i. __ éxeeus 
tion 
CCh, 10 ml. 60 3.0 i, rr ea 
(CeHsCOO)2, 0.2 g. 
Dark; CCh 60 2.4 ro ee 
CChk, 10 ml.; S, 0.2 g.; 
Fe, 0.3 g. 60 es wiles 7.2% 
Benzene, 10 ml.;_ I2, iG pial or 4.5 
0.2 g. 3.5 





* Fifteen grams of naphthalene was used in each run. 

t After three crystallizations the melting point changed to 148° to 149°. 
The product melts with evolution of HCI. 

t Mostly polychloronaphthalenes. Could not be separated. 

§ Mixtures of monochloro and dichloro (mostly 2,6-dichloro). 
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TABLE 5 
CHLORINATION OF CYCLOHEXANE* aT 50° To 60° 
Rate of Gas_ Reaction Yield (G.) t-- 
Flow Time Unchanged 
Catalyst (M1./min.) (Min.) Coie CsHuClt CeHiClo§ 

Illumination 80 to 90 90 0 0 14 
Illumination 120 to 150 60 0 0 15 
Illumination 80 to 90 30 3.0 §.1 3.6 
Illumination 120 to 150 15 3.8 4.6 3.2 
Sulfur, 0.1 g.; 80 to 90 60 10 0.5 0 

iron, 0.2 

(dark) 
Benzoyl perox- 80 to 90 60 0 0 13.0 

ide, 0.2 g. 

(dark) 
Benzoyl perox- 80to 90 30 1.8 5.0 10.0 

ide, 0.2 g. 

(dark) 





* Cyclohexane, 11.7 g. (15 ml.), was placed in a 25 X 250-mm. pyrex 
tube, and chlorine passed through disperser. Heated to boiling only in the 
beginning. 

t In each, 11.7 g. (15 ml.) of cyclohexane was used in a 25 X 250-mm. 
pyrex tube and chlorine passed through the microporous disperser. Except 
in run No. 6 the hydrocarbon was heated and then chlorine was passed. 
Run No. 6 was heated at intervals. 

t The fraction collected boils at 140° to 145°. 

§ Two fractions were collected, one boiling at 185° to 195° and the other 
at 202° to 210°. The boiling points of dichlorohexanes are given as 187° 
to 189°, 193° to 194°, and 201° to 202°. 


EXPERIMENTAL PART 


Apparatus for Semimicro Chlorination. Figure 1 rep- 
resents the apparatus used for semimicro chlorination. 
The flask (50 to 100 ml.) is charged with 50 g. of tech- 
nical manganese dioxide, and about 50 ml. of commer- 
cial hydrochloric acid is added through a separatory 
funnel or thistle tube. The flask is heated by a small 
flame intermittently until a constant stream of chlorine 
is obtained. The flow of chlorine is regulated to such 
a rate that little chlorine escapes from the reaction tube. 

The wash bottle contains 250 to 300 ml. of concen- 
trated sulfuric acid. The height of sulfuric acid in the 
safety valve tube should not exceed 35 cm. If the 
acid column shows a pressure of 40 cm., it is an indica- 
tion that the disperser is clogged. In such case, the 
rubber tube which connects the disperser with the gen- 
erating train is disconnected and the generator cooled. 
The disperser is cleaned by warming in a test tube with 
5 ml. of aqua regia, then by drawing through it by 
means of a pump, first water to which a few drops of 6 
N sodium hydroxide have been added, then 5 ml. of 











FIGURE 1.—APPARATUS FOR SEMIMICRO CHLORINATION 
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alcohol; and finally ether. The chlorine wash bottle 
is connected to a small wide-mouth bottle which con- 
tains calcium chloride and a layer of glass wool. 

The reaction vessel consists of a regular 8-inch pyrex 
tube. It is closed by a three-hole rubber stopper in 
which are inserted a microporous disperser, a microcon- 
denser, and an outlet tube for gases. The disperser has 
been described in the previous article of this series (33). 
The microcondenser is inserted about 80 to 90 mm. in 
the 8-inch reaction tube. 

Materials. Commercial benzene was purified by 
washing with sulfuric acid, followed by water, drying 
with calcium chloride, then distilling over sodium. 
Commercial toluene was fractionated, dried with so- 
dium, and redistilled. The impure material gave 
about the same amounts of chlorination products. 
Naphthalene was purified by crystallization from alco- 
hol. Cyclohexane was obtained from the Eastman 
Kodak Co. 





FIGURE 2.—INDUSTRIAL SEMI- 
MICRO CHLORINATION APPARATUS 
ASSEMBLED 


Benzene Hexachloride. Commercial benzene (15 ml.) 
is placed in the reaction tube and 0.2 g. of benzoyl per- 
oxide added. The tube is heated until the benzene just 
begins to boil; then heating is discontinued. Chlorine 
is passed for about one hour. The benzoyl peroxide 
may be omitted and a 60-watt electric light bulb 
(frosted) is placed 2 or 3 cm. from the reaction tube. 
Light and peroxide used together give better results. 
After about one hour the reaction tube is removed, 
corked, and cooled in running water for about one hour. 
The contents of the tube crystallize into a solid mass. 
The mixture is filtered by suction and washed with three 
5-ml. portions of alcohol. The hexachloride consists 
mainly of a-isomer, with variable amounts of the other 
three isomers, and melts below 150°. The yield varies 
from 3 to 8 g., depending on the rate at which chlorine 
is admitted into the reaction tube. A further amount 
of crude hexachloride is obtained by distilling most of 
the benzene from the filtrates and adding alcohol. The 
hexachloride is purified by dissolving it in the minimum 
amount of hot benzene and adding 3 volumes of alcohol. 
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A second crystallization may be necessary to obtain 
crystals melting at 156°. 

Chlorobenzene. Fifteen milliliters of benzene are 
chlorinated in the presence of 0.2 g. of iron powder or 
0.2 g. of iodine. Illumination by means of a 60-watt 
electric light (at a distance of 2 to3 cm.) is found advan- 
tageous. Chlorine is admitted for 1 to 1.5 hours. The 
tube is removed and fitted with a semimicro fractionat- 
ing column (34) and fractionated. The fraction boiling 
at 125° to 140° is mostly chlorobenzene, while the frac- 
tion boiling at 170° to 190° consists of dichloroben- 
zenes. The yield of monochlorobenzene is usually 5 to 
7 g. and depends on the amount of chlorine admitted. 

Benzyl Chloride. Fifteen milliliters of toluene and 
0.2 g. of benzoyl peroxide are placed in the reaction 
tube and the mixture chlorinated with or without illumi- 
nation for 1 to 1.5 hours. The mixture is heated to the 
boiling point of toluene in the beginning. After chlo- 
rination the tube is removed and the mixture fraction- 
ated. The fraction boiling at 175° to 180° is collected. 
The yield of benzyl] chloride is 6 to 7 g. 

Chlorotoluenes. Fifteen milliliters of toluene and 0.5 
g. of iron (or 0.1 g. of iron and 0.1 g. of sulfur) are 
placed in the reaction tube and chlorinated for 1 to 1.5 
hours, with or without illumination. Heat is applied 
only in the beginning. On fractionation of the chlo- 
rinated mixture the fraction which boils at 155° to 160° 
is collected. o-Chlorotoluene boils at 159° and p- 
chlorotoluene at 162°. 

Chlorocyclohexane. Fifteen milliliters of cyclohexane 
and 0.2 g. of benzoyl peroxide are placed in the reaction 
tube and chlorinated for 15 to 30 minutes. The mix- 
ture is fractionated (34). The fraction which boils at 
140° to 145° is monochlorocyclohexane, while the frac- 
tion boiling at 180° to 205° consists of dichlorocyclo- 
hexanes. 
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Linear Properties of Solutions 
Absorption of Light 


TERRELL L. HILL, Western Reserve University, Cleveland, Ohio, 
and S. ARONOFF, University of California, Berkeley, California 


ECENTLY,  spectrophotometric measurements 

have been found to be of considerable value in 
studies concerned with colored ions in solution and with 
the equilibrium relationships between such ions.! In 
connection with some aspects of this work (e. g., the 
determination of the absorption spectra of intermediate 
ions and of the equilibrium constants involved), how- 
ever, the methods of analysis have not been system- 
atized or generalized. For this reason and because 
of the fact that any other linear? property can be 
subjected to the same treatment, we have felt that it 
might be worth while to outline a general procedure. 


LINEAR PROPERTIES OF SOLUTIONS 


Let G be the measure of a property of a solution 
which is a function of composition alone (temperature, 
pressure, and other possible variables being held con- 
stant). That is, ; 


G = G(M, Nz, ... Nn) (1) 


where J, is the mole fraction of the ith of the ” com- 
ponents (each molecular species will be considered a 
component, when convenient). The additional rela- 
tionship 


Ni+N2+...+ Nn =1 (2) 


would, of course, allow the elimination of one variable 
from the function G. 

If G is such a function that it may be written as a 
sum of contributions of the various components of the 
solution (one term for each component that con- 
tributes to the property), that is, 


G = N,Gi(Ni, N3, eve Na) + N2G2(™}, coe Na) + eco +. 


NuGa(Mi,... Na) (3) 


we may call G a quasi-additive® property of the solu- 
tion. 
If the functions G, are constants, 


G; = %& (¢ = 1,2,...2) (4) 


so that 
G= Mai + Nears +... + Naan (5) 


1 See, for example, RABINOWITCH AND STOCKMAYER, J. Am. 
Chem. Soc., 64, 335 (1942); LANFORD AND KIEHL, ibid., 64, 291 
(1942); McCuttoucn, ibid., 64, 2672 (1942); HARING AND 
HELLER, ibid., 63, 1024 (1941). 

2 Defined below. 

3 The term ‘“‘additive’’ is usually reserved for extensive proper- 
ties, that is, homogeneous functions of the first degree in the 
mole numbers. Equation 3 cannot, in general, be homogeneous 
in the mole fractions because of the restriction imposed by 
Equation (2). See footnote‘, however. 





we may call G a linear property of the solution. 

It is sometimes convenient to distinguish one com- 
ponent of the solution and refer to it as the solvent. 
Thus, if the mth component is denoted as solvent, 
equation (3) or equation (5) may be rewritten in various 
forms making use of equation (2). If a, = 0, that is, if 
the solvent makes no contribution‘ to the property G, 


G = Niay + Noa oe aes = Noa-10n-1 (6) 


If, further, 


ay * ae 1.2. * Aa) * G (7) 
G=a (MN; + N2 tia FH Na-1) = Ge (1 on N,) (8) 


and we may call G a colligative property of the solution. 

The total vapor pressure over a solution serves to 
illustrate equation (3), while the total vapor pressure 
over an ideal solution is an example of equation (5). 
Among other properties which follow equation (5) may 
be listed absorption of light, conductivity at infinite 
dilution, refractive index, and rotation of the plane 
of polarized light. Equation (6) could be used to 
express the total absorption of light by a solution for 
a wave length at which the solvent does not absorb. 
The usual colligative properties of dilute solutions obey 
equation (8). 

Returning to linear properties and equation (5), 
let G; be an experimentally measured value of G when 
the mole fractions are Nii, Nu, ...Njy. By varying the 
composition one can obtain other values of G. If n 
such values are thus known, one has 


Gi = Nya + Na ae +... +Nnian 
Go Niqon, + Noza2 a ie a Mnran 


(9) 


& ad Nino + Nenets + see + Nandn 


The solution of this set of nonhomogeneous linear 
equations is then immediate for a, a2,...@,. Of more 
interest than this trivial case is the one in which the 
composition is not completely known but certain 
equilibrium relationships between the various molecular 
species present can be made use of. Thus the unknown 
mole fractions can be written as functions of known mole 
fractions and either of thermodynamic equilibrium con- 
stants (if the activity coefficients may be taken as 
unity) or of concentration equilibrium constants (at 





4 In this case, G is an additive property over a certain range of 
mole fractions. That is, N;,...Nn-1; may all be multiplied by a 
constant k at the expense of NV, but the value of & is limited by 


equation (2). 
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the ionic strength of the solution being studied). Then 
the use of additional linear equations (2. e., additional 
experimental measurements) may allow the evaluation 
not only of a, a2, ... a, but also of the equilibrium 
constants. 

It is sometimes more convenient to make use of 
concentrations rather than mole fractions,® and since in 
sufficiently dilute solutions mole fractions are pro- 
portional to concentrations, we may in this case rewrite 
the above equations. Furthermore, a solvent is often 
chosen which does not contribute to the property. Then 


G = mq; + ude +... + Umdm (10) 


where u, is the molal concentration of the ith com- 
ponent, the a’s are the new constants replacing the 
a’s, and m = n-—1. The validity of equation (10) 
for the concentration range of interest should be con- 
sidered in every case. 

Stepwise Dissociation. Perhaps the most important 
type of equilibrium relationship between the various 
molecular species is that of stepwise dissociation, 
represented by the system 


B, = B+ A,B, = B+ A,...Bp1 = By tA (11) 


in which the substances Bi, Bo, . . . By are the only 
ones contributing to the property of interest, and the 
molal concentration of A may be measured experi- 
mentally. We have, then, 


= XU2 = ik XU3 
uy Ue’ °° 


(12) 


and 


MW tuet...t+up=e (13) 


where u, is the molal concentration of B,, the K’s are 
equilibrium constants (see above), the molal con- 
centration of A is x, and ¢ is the gross molal con- 
centration of B in the solution. From® equations 
(12) and (13), 

k-—1 


u=cx'-* TT K; 
i=l 


pd r—l1 
> ( II Ki/s) (k= 1,2,...p) (14) 


y=l\ie-=1 


Putting equation (14) in equation (10), we obtain 
= C(a,x?—! + agKyx?—? + a3K, Kox?-*§ + ...+a,Kike... Kos) 


¢ xe-l + Kixe-? 4+- Ky Kexe§ +... + KiKs... Ky-1 
(15 





which can be written in the form 


G = (c)a; + (<) a2K, + (S)aKiks +...t+ 


_ ‘ G 
(4) 6,KiKy... Kyi— (2)x— 


(5) K.iKe—... —(35) KiKy...Kp-1 (16) 


The quantities G, c, and x may be determined experi- 
mentally and consequently equation (16) is a non- 


5 Indeed, for some properties, the molal concentrations may 
have more physical significance than the mole fractions. 
6 Hint, J. Phys. Chem., 46, 417 (1942). 
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homogeneous linear equation in the (2 — 1) unknowns 


N= U1, V2 = aki, n= a3K, Ko, 00 Va = a,KiK2 coe arm (17) 
Yori = Ki, Ypy2 = KiKo,... Yop-1 = Kiko... Kp-1 


If now G is measured experimentally at (2p — 1) dif- 
ferent values of x (the ionic strength must, of course, 
be the same for all values of x), we have (2p — 1) 
linear equations which may be solved for the above 
unknowns. If other values of x are available and 
another choice of the (2p — 1) values of x is made, the 
results should not differ. This may be used as a check. 
In any case the values of x used should be well dis- 
tributed. Finally a,...,@), Ki,...,Kp-1 may be 
found from the relationships: 


Qi = My, Oe = Y2/Yp41, Os = Ys/Vo42e, - - +» Op = Yp/Yop-1 


Ki = Ypsu Ke = Ypi2/Ypir, Ks = Ypss/Ypi,..- Kp = 
Yap—1/Yap—2 


Clearly, if any of the a’s or K’s are previously known 
or can be found by other means, the number of un- 
knowns and equations may be reduced.’ 

It is possible that by successive lowerings of the 
ionic strength and determination of the equilibrium 
constants at each ionic strength, the thermodynamic 
equilibrium constants may be approximated by 
extrapolation. 

It is not difficult to see from the nature of the function 
G in equation (15) [a quotient of two polynomials, 
each of degree (p — 1)] that if the experimental values 
of G are plotted against x over a sufficiently wide 
range in x, the maximum number of points of inflection 
in the resulting curve is (p—1). This fact may be 
of use in determining the number of species of B when 
it is not otherwise known.’ 

We have assumed above that the substances Bj, 
Bz, ...B, are all present. However, the method is un- 
changed if any of them are absent.’ Thus if the sub- 
stance B, does not exist [7. ¢., Bg-1 = By: + 2A, in 
the system (11)], equation (16) is altered formally by 
omitting the terms containing x*—! and setting K,-1K, 
= K,_1, » as can easily be verified. There are, then, 
two fewer unknowns in equation (16). A similar change 
is made in more complicated cases. For example, if 
both B, and B,+1 do not exist, equation (16) is altered 
by omitting the terms containing x’! and x? and 
setting K,-1.K,Kg+1 = Kyz-1,  ¢+1, etc. For the system 
By, = B, + 3A, By = B+ A: 

Kiss = eK sad ME and um, + m4 + us =¢ 
uy U7 
Equation (16) becomes 

G =ca + a4Ki23 + 5 asKinks — g Kis —& Kinks 

Equation (16) applies to stepwise reactions only, 
but if other complications are introduced, an analogous 
equation may be derived and used, so that the method 
is not restricted to the particular case we have dis- 
cussed. 





7 This question will be considered again in connection with 
absorption of light. 
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ABSORPTION OF LIGHT 


In studying this particular linear property a new 
variable, the wave length of the light absorbed, must 
be introduced. Thus, equation (10) may be written 
—if we are still dealing with stepwise dissociation— 


D(a, x) = uy(x)e(d) + ualxen(d) +... + up(xdep(d) (19) 


where D is the total absorption by the solution, \ is 
the wave length, and «¢; is the extinction coefficient of 
B,at\. Fora particular wave length 


D(x) = u(x)er + uo(x)ez +... + Up(x)ep 


If, for any suitable though arbitrary wave length, D is 
measured at 2p—1 different values of x (see above), 
the preceding method of analysis gives the values of 
€1, €2,..+ €, Ki, Ko,...K,-1. Ifa different wave length 
is chosen, the same equilibrium constants should result 
(thus serving as a check) but the e’s will in general be 
different. That is, the equilibrium constants are in- 
dependent of the wave lengths but the extinction 
coefficients are not. In fact, if the analysis is per- 
formed for an adequate number of wave lengths 
the spectra of all the substances B,, Bo, ... By, 
may be obtained, since for each \ we obtain a 
different set of ¢’s, and by plotting ¢(A) against 
\ we have the absorption spectrum of the sub- 
stance B, It should be mentioned that after the 
equilibrium constants are checked at several wave 
lengths they need not be considered unknowns at the 
remaining wave lengths. Instead, the values of 
1, ... €, at a wave length for which the equilibrium 
constants are assumed known, may be obtained [see 
equation (16)] by the use of 


p=1 K-1 ™ 
D pe ( II Ki/a*) = ce, + (=) és + (AX) é3 + 


k=1 t=1 
cKiKs...Kp-1 
+ (Fat A) 


which is a nonhomogeneous linear equation in p un- 
knowns (a, ...¢€,). Therefore, at such a wave length, 
only p experimental measurements of D at p different 
values of x are necessary. 

It is often possible to obtain one or both of the ex- 
treme spectra (7. e., spectra of B, and B,) by separate 
experiments, using very small and very large values of 


(20) 
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x. This is easily seen from equation (15): 


G=ca,and lim G=ca, 


x—>0 


lim 
x= © 
This, of course, simplifies the analysis by reducing the 
number of unknowns (equation 17). 

It was pointed out above that plotting G against x 
and noting the number of points of inflection in the 
resulting curve may give some information about the 
value of ». In any case, the maximum number of 
points of inflection is (p—1). Here we plot D against 
e, for a given wave length. By examining such curves 
at several wave lengths we increase the probability 
that the largest number of points of inflection observed 
(in any one curve) is indeed the maximum number pos- 
sible, namely (b—1). That is, the maximum number of 
inflections may be obtained at one wave length but not 
at others. 

The number (p—1) mentioned above assumes that 
p substances B,, Bz, ... B, are present. If only r of 
them actually exist (see above), the result is the same. 
That is, the maximum number of points is (r—1). 

Example. It will not be necessary to include an 
experimental example here since an opportunity arose 
elsewhere® to make use of this method. 

Summary and Relation to Earlier Methods. In the 
case of stepwise dissociation (whether or not all inter- 
mediate species exist), using this general method we 
are thus able to determine the equilibrium constants 
Ki, Ko, .. . K,-1, the absorption spectra of Bi, Bo... 
B,, and, in general, also the number of different vari- 
eties of B. If the system is more complicated than 
stepwise, the method may still be used after suitable 
modification of the equations derived here. 

However, the present method does not allow the 
determination of which of the species of B actually 
occur. Vosburgh and his coworkers’ have developed 
a procedure to accomplish this. 

Job,’° in addition to originating the method extended 
by Vosburgh and his coworkers, calculated equilibrium 
constants for certain particular cases. However, his 
method, as he pointed out, is not general. 





8 ARONOFF AND CALvin, J. Org. Chem. 8, 205 (1943). 

9 VosBURGH AND Cooprr, J. Am. Chem. Soc., 63, 437 (1941); 
GOULD AND VoOSsBURGH, ibid., 64, 1630 (1942). 

10 Jos, Ann. chim. (10), 9, 113 (1928); (11) 6, 97 (1936). 





CHEMICAL INVESTIGATIONS FOR HIGH-SCHOOL AND JUNIOR COLLEGE STUDENTS 
(Continued from page 610) 


place 5 g. of marble chips, respectively. Add to each in 
order 10 ml. of dilute sulfuric, nitric, and hydrochloric 
acids. Compare the rates of the reactions. How is the 
difference in rates explained? Look up the solubili- 
ties of the sulfates of lead and calcium. Compare 
these solubilities with those of the chlorides and ni- 
trates of the same metals. Refer to the reaction be- 
tween lead carbonate and hydrochloric acid in part 5. 
What explanation can be made? Prepare a general 
statement regarding the effect of an insoluble product 


when two substances react, such as an acid and a car- 
bonate. 

The resourceful teacher will readily think of various 
other little investigations which may be assigned to 
the better students. The conclusions reached will 
remain with those students as fundamental ideas con- 
cerning certain chemical reactions. It may be re- 
marked that the underlying general principle is vastly 
more important than the specific case. 





Division of Chemical Education 


OF THE AMERICAN CHEMICAL SOCIETY 


MINUTES OF THE EXECUTIVE COMMITTEE MEETING 


Pittsburgh, September 6, 1943 
Time: 10:20 a.m.-12:15 p.m. 
Present: A.J. Currier, F. E. Brown, L. L. Quill, N. W. Rake- 
straw, H. F. Mack, C. F. Fleck. 

The minutes of the April meeting were read and approved. In 
the absence of the treasurer, C. E. White, his report, which had 
been sent to the secretary, was read and approved. Dr. Malcolm 
Haring had audited the treasurer’s report. This, too, was read 
and accepted. Both the treasurer’s and auditor’s reports ac- 
company this report. 

Motion made that miscellaneous bills which were presented by 
the chairman and secretary be approved and submitted to the 
treasurer for payment. 

Since the contract with Mack Printing Company for publish- 
ing the JouRNAL OF CHEMICAL EpucaTION, entered into April 
27, 1939, expired December, 1942, it was necessary to renew the 
contract. Because of the increase in costs of paper, ink, labor, 
etc., Mr. Mack and Mr. Fleck stated that it would be necessary 
to increase the rates somewhat. Motion was made and passed 
authorizing the renewal of present contract as of December 1, 
1942, for a period of five years, with an increase of 15 per cent in 
schedule of rates established about ten years ago, as shown in 
Appendix I, page 8, of the old contract. ‘he increase in schedule 
of rates is to become effective January 1, 1944. 

A letter from O. M. Smith, Chairman of the Committee on 
Examinations and Tests, was read, suggesting that Drs. Hen- 
dricks, Reed, and Martin, whose terms on Committee on Examina- 
tions and Tests expire this September, be continued for another 
term, which will expire in 1946. Motion made, seconded, and 
passed. 

Since Mr. M. V. McGill sent in his resignation as chairman of 
Committee on High-School Chemistry, a motion was made that 
Mr. Elbert C. Weaver, of Andover Academy, Andover, Massa- 
chusetts, be elected chairman of this committee. It was also 
voted that Mr. Weaver and the chairman of the Division of 
Chemical Education confer in choosing successors to Nelson, 
Reed, and Long, whose terms expire September, 1943, and an- 
other member to take the place of Mr. Weaver, whose term was 
to expire September, 1945. 

Motion made that we recommend to the Division that we 
rescind the motion passed at Atlantic City meeting, September 
1941, at which time the Committee to Study Problems of Teach- 
ing of Chemistry in Colleges and Universities was authorized. 

By vote of the Executive Committee, R. E. Kirk was elected 
to the Board of Publication of the JouRNAL OF CHEMICAL 
EDUCATION as successor to S. R. Brinkley, whose term expires 
September, 1943. 

Pau H. FAtt, Secretary 


TREASURER’S REPORT 


Receipts 

Balance, Oct: 31, 10428. .... csc ccacececs $483.64 
ee, i er 156.00 
1944 dues paid in advance................ 3.00 
Interest on U. S. Savings Bond............ 3.75 
Liquidation dividend from acct. of previous 

treasurer in closed bank................ 6.50 
Interest on Savings Account.............. 4.93 

CC: a rh a ee tat ene en mn DIRE Red Sher er 588 E $657 . 82 


Expenditures 

Purchase of Savings Bonds............... $300.00 

Abstracts Buffalo Meeting................ 9.40 

ee RUN a hss Guo. x eiinrg leFeloustacacstels 25.00 

Stamps and envelopes for treasurer........ 12.60 

Motion pictures—Detroit................. 27.50 

TIO DUIOONS ioc cc ces sia sen ciataswes 9.88 
PMN asc oak ile Shae oka a oR ano ee $384.38 
RAAT NTN soo ois: 5 019 3:5 wR wa tae $273 .44 


Assets are distributed as follows: 

Checking Account, ‘‘Division Chemical Education,” 
Prince Georges Bank and Trust Co., Hyattsville, 
eee re ae, renee ee ren pee mee $185.01 

Savings Acccount—Same as above.................- 88.43 

3 U. S. Savings Bonds, $100 each, Nos. C825778g, 
C825779g, C825580g, ‘Division of Chemical Educa- 
tion’’ deposited in the safe deposit box of C. E. White 
at Prince Georges Bank and Trust Co., Hyattsville, 
PNGINRIE 5 xo .dhe cass <5 OX Keke n kee: BOYES 300.00 


1 |S Cte Nears Poe PuNee CREE EN Str sid Pe Pee ga $573.44 
CHARLES E. WHITE, Treasurer 


AvUDITOR’S REPORT 


August 30, 19438 
Dear Dr. Currier: 

In accordance with your request of August 28th, I have audited 
the books of Dr. Charles E. White, Treasurer of the Division of 
Chemical Education, A. C. S. 

I find that all receipts have been duly recorded and that all 
expenditures were properly authorized. 

The treasurer is to be commended on the neat and orderly 
condition of his accounts. 

Matcotm M. HarInc 


MINUTES OF THE BUSINESS MEETING 


Pittsburgh, September 6, 1943 
Time: 3:45 P.M. 

The secretary gave a summary of the minutes of the Buffalo 
meeting in September, 1942, of the Executive Committee meeting 
in Detroit in April, 1948, and of the meetings of the Board of 
Publication and of the Executive Committee held Monday morn- 
ing, September 6, 1943. Also, the treasurer’s report, which had 
been accepted by the Executive Committee, was read. 

Motion was made and seconded that we follow the recom- 
mendation of the Executive Committee and rescind the action 
taken at the Atlantic City meeting, at which we authorized the 
establishment of a Committee to Study the Problems of Teaching 
of Chemistry in Colleges and Universities. 

After some discussion, motion made, seconded, and carried that 
the preceding motion be laid on the table. 

Dr. O. M. Smith reported that the 1944 Cooperative Tests in 
General Chemistry are in the hands of Dr. Martin and they are 
to be tried out in several institutions. Erelong there will be 
available a battery of tests in physical, quantitative, qualitative, 
and organic, as well as in general chemistry. 


(Continued on page 621) 
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Report of the 
NEW ENGLAND ASSOCIATION 


of CHEMISTRY TEACHERS 


Dehydrated and Compressed Foods 


B. E. PROCTOR 


Director, Subsistence and Packaging Research, Office of the Quartermaster General, U. S. Army 


HE HISTORY of food dehydration over the past 80 
psa closely parallels the military conflicts of this 
period, from the standpoint of both time and magni- 
tude. Until shortly before the present conflict, the 
peacetime intervals were dormant lapses during which 
the production of dehydrated foods was negligible, with 
certain exceptions such as the dried fruit industry of our 
Pacific Coast states. 

Our participation in World War I, ending in 1918, 
brought dehydration to heights of production never 
reached previously, although the quantities which 
reached foreign shores amounted to only a few million 
pounds. : 

The following table, published within the present 
year, indicates the goals which must be reached during 
the approaching crop season to furnish the require- 
ments set up as necessary for our needs and those of our 
Allies in the months ahead. 


TABLE 1 

MOMMININ ook och cl icne depen eteeen wes ss 355,627,000 Ibs. 
MNES AS a. ose cine oia oaihe ax ewe Ks Le mlenine on Re 50,472,000 Ibs. 
SEO ee eer eer cre ey rae 207,619,000 Ibs. 
Aa Ea are eR Pa oy fae Se ee 516,756,000 Ibs. 
EPS Te OE PEO ET CNS ee eee ee 460,129,000 Ibs. 
i RS Pies coer errr eee 120,000,000 Ibs. 

Die NI ini o ied 0:0 Ce Taree tine wks 8450s 1,710,603,000 Ibs. 


The numerous reasons for this vast production, which 
involves thousands of farmers, many thousands of fer- 
tile acres, and hundreds of dehydrated food manufac- 
turing establishments, rest on the fundamental con- 
sideration that we have the problem of feeding millions 
of soldiers, sailors, and civilians outside the limits of 
our food production areas. A large number of these 
consumers are thousands of miles distant. 

The shift of ordinary food processing to the manufac- 
ture of dehydrated foods is due to the advantages which 
this method of food preservation presents under the 
peculiar circumstances we now face. Dehydration 
saves shipping space and weight. It also minimizes the 
utilization of critical metals in food containers and other 
important packaging materials, such as paperboard. 

Under normal circumstances we add water to many 
foods in the heat-processing or canning of foods. In 

1 Presented at the Fifth Summer Conference of the New Eng- 


land Association of Chemistry Teachers, Andover, Massachu- 
setts, August 28, 1943. 


modern food dehydration processes we remove water 
from foods to preserve them. 

The practice of dehydration is far from new. The 
Egyptians dried their wheat in the days of the Phar- 
oahs, and the Indians dried their corn and buffalo meat 
before the colonization of America. Perhaps your 
grandparents dried apples on strings, a common New 
England custom until a few decades ago when cold stor- 
age for apples proved a more ideal solution for this area. 

The following commodities are being dehydrated at 
the present time, most of them in considerable quanti- 
ties: 

Vegetables 

Beets, carrots, cabbage, onions, sweet potatoes, white pota- 
toes—precooked, white potatoes—julienne and dices, ruta- 
bagas, hominy. 

Fruits 

Cranberries, blueberries, cherries, apricots, peaches, apples, 
orange juice, lemon juice. 


Soups 
Green pea, yellow pea, navy bean, bouillon types, simulated 
chicken types. 

Other Products 
Whole eggs, whole milk, skimmed milk solids, beef, pork, 
corned beef hash, cocoa beverage powder, coffee, baked beans. 


It is immediately apparent that in this list we have 
a representative cross section of many of the common 
and some of the favorite foods of the normal American 
home. There will be others as time goes on. Some of 
these will be in homes after hostilities have ceased and 
may be expected to be produced in peacetimes in the 
future. Two years ago such a prophecy, except for 
milk and egg powder, which have uses in other manu- 
factured food products, would have been received with 
considerable skepticism. 

Perfection in all respects has not been attained, nor 
is it anticipated. Dehydrated foods will never seri- 
ously displace canned and frozen foods in peacetimes, 
and well-founded canning and food-freezing industries, 
which have played such an important part in our food 
picture in the past, will continue to do so in the future. 
The better dehydrated products, however, which com- 
bine convenience and consumer acceptance, will have 
their place in the postwar period in increasing amounts, 
especially in areas or instances where transportation, 
storage, and space are factors. 
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It is only because rapid and constructive advances 
have been made in the underlying sciences which relate 
to foods that this prophecy is possible now. The chem- 
ists, food technologists, and nutritionists have been 
working hand in hand to make available larger quanti- 
ties of dehydrated foods which are more acceptable, 
more attractive, more convenient to use, and capable of 
longer storage life under adverse conditions. As teach- 
ers in the fundamental science of chemistry, you will be 
interested in knowing that developments in chemistry, 
perhaps made by some of the students you have trained 
over the years, have played a major part in these ad- 
vances. 

Since 1918—the previous high point in food dehydra- 
tion production—many developments in science have 
taken place, of which all chemists are aware. More is 
known about enzymes and their complex chemical sys- 
tems. Improved devices for temperature and humid- 
ity measurement and control have been developed. 
The dynamics of fluid or air mechanics have become 
more adequately understood. The means of more 
satisfactory heat transfer have resulted from engineer- 
ing researches. The chemistry and physiology of 
vitamins have made spectacular advances. Each of 
these has been reflected in the new developments in food 
dehydration. 

Dehydration, model 1943, is not just drying foods. 
It is the removal of water from toods under controlled, 
and accurately controlled, conditions. The methods 
involved differ widely. Among the more recent and 
promising ones is a feasible method of dehydration in 
the presence of inert gases. Another is the removal of 
water from frozen material under a pressure of only a 
few millimeters. Each presents its advantages, but the 
water removal is only one phase of an integrated series 
of procedures. The best dehydration plant in the world 
would produce poor products if any one of the numerous 
steps, from the proper selection of raw material varieties 
to the unwise choice of final package, is not properly 
considered in relation to all the other necessary opera- 
tions. 

These operations may be briefly summarized in gen- 
eral as: procurement of raw material; cleaning; 
blanching; peeling and reduction to standard size; dry- 
ing; inspection and sorting; compression; packaging. 

In some instances there may be changes in the order 
of operations; blanching and peeling may be reversed; 
inspection and sorting may precede drying; compression 
is not now conducted except in a limited way, but it will 
be quite general in the near future. 

The knowledge of enzymes has brought about a con- 
spicuous improvement in the quality of many dehy- 
drated vegetables, because the inactivation of enzyme 
systems by heat, either in the form of steam blanching 
or hot water blanching, tends to protect the foods 
against some deteriorative enzymatic changes. The 
times and temperatures necessary to accomplish this 
objective have been determined and are available to all 
dehydrating plant operators. Relatively simple chemi- 


cal tests which determine the presence of these enzyme 
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systems enable the plant operator to determine the 
proper procedures for his products. 

The enzyme systems present in different varieties of 
the same vegetable determine the adaptability of raw 
material for the dehydration processes. One of the 
long-range problems relating to dehydration is the de- 
velopment of new variations which may have charac- 
teristics particularly suitable for dehydration methods. 
Some fine varieties of vegetables suitable for canning 
and freezing are unsuitable for dehydration. 

The peeling of vegetables previous to 1942 involved 
losses in the vicinity of 30 per cent of the raw material. 
This was purely a method dependent on the utilization 
of abrasive surfaces. It has since been superseded in 
many plants by peeling in a lye bath or by flame peel- 
ing. Each of these methods now appears likely to 
become obsolete in the near future due to improved 
methods of steam-contour peeling which result in trim- 
ming losses to about 10 per cent. This will obviate the 
wasting of thousands of tons of good food material 
which otherwise could be used only for animal feed or 
discharge into sewerage systems. The latter frequently 
causes serious problems of disposal because of subse- 
quent microbiological and chemical decomposition. 

The improvements that have taken place in the dry- 
ing operation itself have been largely due to the utiliza- 
tion of control instruments, permitting narrow limits of 
temperature and humidity. These improvements in 
turn have made possible the development of two- and 
three-stage drying processes which have the advantage 
of more economical operation, while producing superior 
products. Tunnel dehydrators are the common type 
used for vegetables, but the utilization of drum driers 
and spray driers for products such as milk and eggs have 
also resulted in improved products. 


\, Although used to a much lesser extent, the modified 


process for drying blood plasma has made possible the 
drying of fruit juices to a powdered form of high accepta- 
bility and high vitamin content. Citrus juices are 
especially suitable for this type of treatment. 

The increased knowledge of vitamins and apparatus 
devised for determining vitamin contents have been 
widely utilized as means of following changes in vitamin 
content which occur during dehydration. Losses are 
incurred during drying and also occur later in storage. 
The use of low temperature storage of all dehydrated 
products is highly desirable. 

It has long been known that the keeping quality of 
dried fruit is improved by treatment with sulfur dioxide. 
It has also been determined that this same type of 
treatment has definite advantages in the conservation 
of ascorbic acid. Such treatment may also be applied 
advantageously to some of our vitamin C in vegetables, 
such as cabbage and carrots. 

Regardless of how the products are manufactured, 
their keeping quality is dependent upon the manner in 
which they are packaged. The complete removal of 
oxygen in the final container is also a factor in vitamin 
retention. This may be accomplished in two ways: 
either by mechanical evacuation or by the utilization of 
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inert gases, such as carbon dioxide, which will replace 
the oxygen present by gravity displacement. In order 
for this to be effective, however, it is necessary to have 
hermetically sealed containers. 

The best containers of this sort are metal cans, but 
because they require critical material, they are used for 
only the most delicate products—carrots and cabbage. 
Onions are also packed in metal containers because this 
product is one having extremely hydroscopic qualities. 
A variety of other types of containers which provide 
adequate moisture protection—which is essential for 
overseas shipments—includes bags which are comprised 
of a combination of either fiber or metal, and one of 
several plastics or asphalts. Fiber containers which are 
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dipped in wax compounds after the products are packed 
have also proved satisfactory. 

The latest innovation in respect to dehydration is the 
utilization of hydraulic presses for the compression of 
the various dehydrated products. This method is ap- 
plicable to dehydrated vegetables, meat, eggs, and 
numerous other commodities. It results in further 
economies in space and packaging; it brings about re- 
ductions of approximately 60 per cent in vegetables, and 
may run as high as 80 per cent for very light substances 
such as dehydrated cabbage flakes. In addition to 
compressing the product, this method also permits a 
minimum of air or oxygen in the container. It will save 
many thousands of cargo tons of shipping space and 
tremendous quantities of packaging materials. 


DIVISION OF CHEMICAL EDUCATION OF THE AMERICAN CHEMICAL SOCIETY 
(Continued from page 618) 


F. E. Brown reported for the Nominating Committee, consist- 
ing of B. S. Hopkins, F. E. Brown, and R. D. Reed. 
This committee presented the following slate: 


Chairman—L. L. Quill, University of Kentucky 
Vice-Chairman—H. N. Alyea, Princeton University 
Secretary—P. H. Fall, Hiram College 
Member-at-Large—G. H. Cartledge, University of Buffalo 


Motion made, seconded, and passed that the report be ac- 
cepted. The chairman then called for any nominations from the 
floor, but none were made. Motion made, seconded, and passed 
that the secretary cast a unanimous ballot for election of the 
officers submitted by the nominating committee. This was done, 
and the individuals named above were declared elected. 

The meeting adjourned at 4:15 p.m. 

Paut H. FAtu, Secretary 





OUT OF THE EDITOR’S BASKET (Continued from page 609) 


being produced monthly by Canadian plants, TVA, and 
the West Coast plant of the Hercules Powder Company. 
Such wide acceptance is being received that orders for 
September and October cannot be completely filled. 
eHumidity, the enemy of machinery, ranging from in- 
struments to motors, all metals and certain textiles, 
has been partially controlled by a new type of wartime 
packaging, the War Production Board reports. 

This new humidity protection, according to WPB’s 
War Products Development Section of the Pulp and 
Paper Division, is accomplished by wrapping the prod- 
uct to be shipped with a supply of moisture-absorbing 
chemical and a humidity indicator. 

Crystals of a dehydrating compound are packed in a 
container to absorb any moisture present in the pack- 
age. A specially designed window envelope contain- 
ing some of the crystals is used as a humidity indicator. 
Through a window the observer is able to determine the 


degree of moisture penetration from the outside. A 
change of color in the crystals from blue (safe) to pink 
(unsafe) indicates an increase in the moisture content. 

Excess moisture causes rust, corrosion, mildew, and 
other damage to many products, often despite careful 
wrapping or packing. When products are exposed to 
greater than 30 per cent relative humidity, the crystals 
turn pink (unsafe) and the package can be opened and 
a new supply of the moisture-absorbing .crystals in- 
serted. This is being found a very desirable practice 
in shipping and storing certain materials and products 
for long periods, especially in wet or damp climates. 

Ideal packaging, such as laminated cellophane or pa- 
per laminated with asphalt or wax, sets up a moisture 
barrier which is satisfactory unless the containers are 
punctured or broken, but in that event the indicator 
shows the observer that repacking is required to prevent 
deterioration. 
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(Continued from page 614) 
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LETTERS 


teaching colloid chemistry in high school. 
I am against it is that a real understanding of colloidal 
phenomena calls for advanced knowledge of the fun- 


To the Editor: 

It was with great interest that I read the ‘‘Editor’s 
Outlook”’ in your October issue, and I sincerely appre- 
ciate the sympathy and understanding with my point 
of view on high-school chemistry which you expressed 
therein. 

The main purpose of my address at Andover was 
none other than to get the ball rolling, and the interest 
you have taken in my viewpoint should certainly help 
to keep the issue alive until a satisfactory solution has 
been found. 

However, you have challenged some of my implica- 
tions, and in the interest of the issue I feel compelled to 
reply to some of your statements. 

For anyone who was present when the address was 
made, even for those who read its printed condensation 
in your JOURNAL, it must be evident that all my re- 
marks referred only to the teaching of chemistry in high 
schools. They have nothing whatsoever to do with 
the teaching of chemistry in college courses. It there- 
fore seems to me that you must have misunderstood the 
sole purpose of my speech, with the result that most of 
your criticism is beside the point. 

It is my contention that the teaching of chemistry 
in high schools should be limited to the fundamentals 
of chemical reactions in as illustrative and simple a way 
as possible. It first of all should create interest in the 
subject and permit the student to acquire a general 
rather than a detailed knowledge of what chemistry 
stands for. A boy or girl who has—to quote the edi- 
tor—‘‘not the mental capacity, the intellectual urge, 
or the economic means to go on to college,’’ will get 
more of his one year of high-school chemistry for the 
rest of his life if he learns more of the how’s than the 
wiy’s, than he would being fed the latest theoretical 
developments of the electron theory, and the like. The 


teaching of these should be left to the college curricu- 


lum and in particular for those who have decided to 
make chemistry their profession. 

I believe this statement will help clarify the seeming 
difference in your opinion and the one I expressed, and 
I therefore consider it unnecessary to discuss some of the 
other points raised in the editorial, at least at the mo- 
ment. 

I could not have asked for a better example to prove 
my point of view than your statement that most ele- 
mentary students can explain the operation of the mass 
spectrograph and the electron theory better than meth- 
ods of atomic weight determination or the law of mul- 
tiple proportions. 

I do, however, want to add that I fully agree with 
you that we should not concentrate on the how to the 
exclusion of the why, a statement which, by the way, is 
not to be found in my address. All I said was that 
too much time is spent on the why of chemical reactions 
and too little on the how. 

Finally, you are astonished that I, an exponent of 
colloid chemistry, and one who in your opinion can do 
a pretty good job of interpreting it, am not in favor of 
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damentals of general chemistry. I have no objections 
to referring to colloids, and even offering a few simple 
demonstrations, but I emphatically disagree to inject- 
ing into the high-school student an entirely wrong idea 
of what colloids are. In my address I offered several 
examples that it is this which is now being done. 
Ernst A. HAUSER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


To the Editor: 

I enjoyed the October number of the JouURNAL OF 
CHEMICAL EDUCATION very much.... 

The paper by Sisler and VanderWerf was very in- 
teresting. I notice that it is on “elementary college 
chemistry,” but so far as my knowledge goes there are 
very few colleges in the world that apply much of the 
electronic theory to organic chemistry. ... 

When I was young, the project of making trees to 
illustrate the relationships of numerous organic com- 
pounds was quite the proper thing to do, and some of 
my friends have been greatly interested in such projects. 
I was greatly amused with the pictorial display by 
Dobbins and Ljung. Such charts are exceedingly 
valuable to the person who makes them, and I have al- 
ways differed with my friend Simpson concerning their 
value to persons who do not make them. Simpson has 
made up charts to cover all the reactions used by A. A. 
Noyes in his large work on the qualitative analysis of 
nearly all elements and reports that students tell him 
they are wonderful helps, but I claim that students 
waste a lot of time trying to use them. _I imagine that 
many of your readers will wax enthusiastic concerning 
this graphic representation of simplified qualitative 
analysis which seems to me much of the nature of a 
cartoon.... 

At Thayer last year I tried to get the class interested 
in the history of chemistry, and at the end of the year 
I gave two copies of Moore’s “‘History of Chemistry” 
as prizes. I was absolutely astounded to find an almost 
complete lack of interest in the historical side. I told 
the class about the book called ‘‘Crucibles’’ (with its false 
historical data), and one member of the class tried to 
read it and gave it up in disgust. It was the same in 
physics. When I told the class about the history of 
physics they went to sleep. I have been at some loss 
to determine why most high-school pupils hate history. 
I am not sure that I know the answer. But it is a fact. 
Part of the trouble is that a person must have a pretty 
good foundation in order to appreciate the facts of his- 
tory. To me it is remarkable that Bergman could 
make accurate chemical analyses, that Berzelius had 
so much chemical knowledge, and that J. L. Smith had 
a portable kit with which he could analyze minerals 
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almost on the spot, but the beginner who knows little 
about chemistry cannot appreciate my admiration for 
those men. I wonder if high-school teachers do not 
sometimes overestimate the value of historical refer- 
ences? I was thoroughly disgusted with references to 
the past in the text I used last year. The book read 
as if the persons cited were alone responsible for the dis- 
coveries to which they were credited. I am nauseated 
at seeing the picture of a man named Hall in nearly 
every elementary text. Admitting that he did much to 
develop the electrolytic production of aluminum, I have 
had more than one student who was just as brilliant. 

Heimerzheim’s paper is also interesting and amusing. 
The method he recommends is a good one. I have 
tried it and in at least one case I got the highest mark 
in the class by this method. On the other hand, it is 
really based on the old-fashioned assumption that learn- 
ing is best obtained by listening to lectures. That is 
the basis of instruction in Germany and in many funda- 
mentalistic colleges of the United States, including some 
departments of Harvard. However, whether you be- 
lieve in the system or not, I am sure that it is practically 
impossible to get many students to take good notes, to 
check them, and rewrite them. The students just 
won't do it. I had a course in organic chemistry by 
James M. Crafts. His assistant covered the board 
with equations and references covered by Crafts. At 
that time the second edition of Beilstein was coming 
out in small portions. I found by accident that Crafts 
was following Beilstein and I took parts of Beilstein 
home with me at least three times a week when I re- 
wrote my notes for one of my friends who never took a 
note and barely graduated from M.I. T. So far as I 
know, I was the only student in the class to follow the 
Heimerzheim method. It worked, and I got to know 
more organic chemistry than anyone in the class, but 
I look back to that course in organic chemistry as one 
of the worst nightmares in all my experience. It con- 
vinced me that the lecture system is not entirely com- 
mendable.... 

This brings me to the paper by Hauser. I am writ- 
ing this letter to tell you that I liked your editorial very 
much. Hauser sent me his paper before the Andover 
meeting and was somewhat surprised to find that I did 
not agree with him in many places. He held that too 
much theory is taught in the high school, and I feel 
that the theory taught is too old in many places. I 
think high-school chemistries are weak on the theoreti- 
cal eile. . .. 

With respect to Samuel John Stone’s maxim, ‘‘What 
I cannot see I never will believe in,’’ it is the basis of 
agnosticism and has no place in education. Hauser 
says, ‘‘When most of us went to school we learned, for 
example, and had it experimentally demonstrated, 
that calcium chloride results from the combination of 
two atoms of chlorine and one atom of calcium.” Now 
this is really funny, because we cannot see an atom and 
it is hard to demonstrate its existence. When I was 
young, Wilhelm Ostwald pointed out that we were not 
sure that there were actual atoms and molecules, and 
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I was taught in physical chemistry about ‘‘combining 
weights,” and A. A. Noyes was very careful to point 
out that the atomic theory was the easiest way to ex- 
plain ‘‘combining weights’ but that we were not sure 
that the atoms existed. It is true that ever since Ost- 
wald made his protest, there has been very little feeling 
against the atomic hypothesis and there is little reason 
for rejecting the atomic theory. But the atomic 
theory when Hauser was young was nearly, if not quite, 
as nebulous as the electron theory of today. Why 
Hauser should object to teaching it [the latter] is be- 
yond me. I object merely to the fact that recent text- 
books do not utilize the theory enough, and that is really 
what is back of Hauser’s mind. It isn’t the theory 
that really bothers him as much as it is the foggy way 
in which the theory is introduced. Theory likens the 
unseen to the seen and makes it easier to remember facts. 
Otherwise theory has no place in elementary education. 
WiLLiaM T. HALL 


ROCHESTER, MASSACHUSETTS 


To the Editor: 

In his letter in the September issue, Mr. K. Gordon 
Irwin presents some very interesting material in regard 
to the relation of the cubic foot to the ounce. I am 
sure that many readers, including myself, were not 
aware of the close approach to a decimal system. The 
pound, of course, remains hopelessly out of line. 

The last paragraph of his letter seems, however, to 
recommend a more complete use of the foot/cubic 
foot/ounce system and deplores the lack of equipment 
calibrated in these units. 

It has been my hope, and I am sure that of many 
others, that one result of the present war would be our 
abandonment of the archaic and unscientific English 
system of weights and measures in favor of the metric 
system now used in all civilized countries except the 
English-speaking ones, and universally used in science. 

How unfortunate it is that we came so near to the 
adoption of the metric system when the country was 


‘young, during the administration of Jefferson, who him- 


self took the greatest interest in it, but finally rejected 
the metric system for reasons which we now know were 


not valid. 
Let us recount briefly the reasons why we should 
adopt the metric system, particularly at this time. 


1. To conform with a decimal system. 

2. Toconform with universal scientific usage. 

3. To have the advantage of the simple relations between 
linear-volume and weight units. 

4. To promote our relations with the Latin American coun- 
tries, all of which use the metric system. 

5. To conform with the usage of most civilized countries. 

6. To show that we as a nation are not frozen in a pattern 
of conservatism and that we have the force and initiative to 
adopt a change long overdue that would put us in step with 
world progress. 


S. C. Linp 


UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 
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ADVANCED QUANTITATIVE ANAcysis. Hobart H. Willard and 
Harvey Diehl. D. Van Nostrand Company, Inc., New York, 
1943. xi+ 457 pp. 40 figs. 14 X 22cm. $4.75. 

The present book is a companion volume to ‘‘Elementary 
Quantitative Analysis” by Willard and Furman. It is an ad- 
vanced quantitative analytical text dealing almost exclusively 
with chemical methods as distinguished from physicochemical 
methods. In the latter category colorimetry, electrodeposition, 
and a brief treatment of potentiometric titration are included. 
The factual inorganic chemistry of the elements pertinent to 
their analysis is stressed throughout, but theoretical discussion 
is for the most part omitted. 

About 120 pages are devoted to the general operations of quan- 
titative analysis including, among other topics: sampling, dis- 
solving the sample, concentrating minor constituents, and 
methods for the separation of the elements. Under the last 
heading are included methods for chemical reduction to the 
metal, and a discussion of some 10 of the more useful organic 
precipitants. 

The next 140 pages of the text are devoted to detailed in- 
structions for the analysis of iron ore, iron, steel, and silicate rock. 
The analytical chemistry of the elements occurring in these four 
groups of materials is also very adequately presented. 

In the last third of the book the analytical chemistry of each 
of the elements not already considered is presented in the order 
of the periodic table. Methods for the determination of the 
various elements are evaluated and described in sufficient detail 
to suggest appropriate methods to the analyst. Two tables are 
included which summarize the principal methods for the separa- 
tion, and gravimetric and/or volumetric determination of the 
elements. The text concludes with a discussion of methods for 
the determination of atomic weights. Throughout there are 
ample references to the original literature, many being to the 
Analytical Edition. 

It is felt that this book is a valuable addition to the family of 
analytical texts, especially in its consideration of the analytical 
chemistry of the rare and less common elements. 

W. W. RUSSELL 


BROWN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


FORMULARY. Volume VI. H. Bennett, Editor-in- 
Chief. Chemical Publishing Company, Inc., Brooklyn, New 
York, 1943. xx +640 pp. 14 X 21.5cm. $6.00. 

The fields covered in this volume of the series are: adhesives; 
beverages; cosmetics and drugs; emulsions; farm and garden 
specialties; food products; hides, leather, and fur; inks and 
marking materials; materials of construction; metals, alloys, 
and their treatment; paint, varnish, lacquer, and other coatings; 
paper; photography; polishes and abrasives; pyrotechnics and 
explosives; rubber, resins, plastics, and waxes; soaps and clean- 
ers; textiles and fibers; miscellaneous; substitutes. 

A work such as this, while perhaps not properly part of one’s 
“chemical education,” nevertheless supplements it, as practically 
every chemist comes to realize, sooner or later. We are some- 
times called upon to practice the “‘art’”’ of chemistry as well as its 
“science.” 


CHEMICAL 


THE AMAZING PETROLEUM INDustRY. JV. A. Kalichevsky, Re- 
search and Development Laboratories, Socony-Vacuum Oil 
Co., Inc. Reinhold Publishing Corporation, New York, 
1943. 234 pp. 12.5 X 18.5cm. $2.25. 

A book for the layman, or elementary student, requiring no 
technical background or ability other than the imaginative in- 
telligence to understand the significance of a few structural 
organic formulas. It describes its own purpose and scope: 


‘‘Non-technical people may be inclined to ask, What is this 
mystery about octane numbers, catalytic gasolines, cracking, and 
all the other odd terms that are constantly encountered whenever 
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petroleum is mentioned? The following chapters are devoted 
to a simple explanation of these questions about petroleum and 
its products; of cracking and its importance in converting other- 
wise valueless substances into high-grade gasolines; of refining, 
which frees gasoline from foreign substances which interfere 
with its proper ‘performance’; and of numerous other phases of 
the oil industry.” 


THORPE’S DICTIONARY OF APPLIED CHEMISTRY. Volume V, 
Fourth Edition. The late Jocelyn Field Thorpe, Emeritus 
Professor of Organic Chemistry in the University of London 
and the Imperial College of Science and Technology, Past 
President of the Chemical Society and of the Institute of 
Chemistry; and M. A. Whitely, lately Assistant Professor of 
Organic Chemistry, Imperial College of Science and Tech- 
nology; assisted by eminent contributors. Longmans, 
Green and Company, Inc., New York, 1941. xxiii + 609 pp. 
49 figs. 15 X 22.5cm. $25.00. 


AN ABRIDGED INDEX TO VOLUMES I—V OF THE NEw EDITION 
OF THORPE’S DICTIONARY OF APPLIED CHEMISTRY. 19 pp. 
15.5 X 23cm. $1.00. 

Issued with Volume V of “Thorpe’s Dictionary of Applied 
Chemistry” there is an abridged index to Volumes I-V. The 
index is ‘‘a list of cross references which would have appeared 
as separate alphabetical entries had the ‘Dictionary’ been pub- 
lished as a complete work.’’ Volume V of the book, discussing 
subjects from Fehling’s solution through reinforced, toughened, 
and safety glass, is the usual well-prepared book, written for 
the general chemist as well as the expert. 


Ernest E. Wahlstrom, Department 
John 
Tllus- 


OpTICAL CRYSTALLOGRAPHY. 
of Geology and Mineralogy, University of Colorado. 
Wiley and Sons, Inc., New York, 1948. v + 206 pp. 
trated. 14 X 22cm. $3.00. 

“It is the purpose of this textbook to review the principles of 
optical crystallographic theory. Practical applications are not 
given a prominent place because the writer feels that, once a 
student has firmly grasped fundamental concepts, he will be 
able to meet any problem related to the field.” The reviewer 
feels that the latter ideal is no more certain to be achieved in 
optical crystallography than in chemistry. However, the serious 
student, especially if he can fall back on some guidance in coping 
with the perversities of actual crystals, will find this book a very 
useful presentation of the theory of double refraction. 

A profusion of excellent diagrams is a valuable feature; ex- 
terior and interior conical refraction, and primary and secondary 
optic axes are well discussed; the relationships between the dif- 
ferent kinds of crystallographic projection are clearly shown, as 
are the derivations of various types of interference figures. Uni- 
versal stage methods are not included. 

In a book as logical in exposition as this one, and concerned 
primarily with properties inherent in the crystal lattice rather 
than with the external aspects of crystallography, statements 
such as the following seem even more than ordinarily inconsist- 
ent with modern usage (at least in chemistry): ‘‘Crystals are 
polyhedral solids bounded by plane faces.... Crystals develop 
under special conditions only and in the mineral kingdom are 
the exception rather than the rule.... No faces are present in 
anhedral grains, and such grains cannot properly be described 
as crystallized.”” The term “plane of polarization” appears to 
be used synonymously with ‘‘plane of vibration” although these 
planes are mutually perpendicular. Unequivocal designation of 
extinction angles might well have been stressed; “Z A c = 15°” 
may be measured either in the acute or in the obtuse angle 8. 

C. W. Mason 


CORNELL UNIVERSITY 
IrHaca, NEw YorK 
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to the sernteenaton of inorganic an- 
alysis (B 
Bennett, C. W. Bleaching photographs 
WELTY GUI CREN ood co cine c-e.nc-9'0 ¥0.s 
BenneEtTT, H. Practical emulsions (B). 
Editor-in-chief. hemical formulary, 
WIT HIN as oy cals coc bice bean 
BHAGAVANTAM, S. The scattering of light 
and the Raman effect (B) 
BrippLe, Harry C. Chemistry in health and 
pa ear) papa 
— Louis J. Wetting and spreading 


BLANCHARD, ARTHUR A. Coordination and 
UD RINE ov dial «a. kva 4 akg «oo, 6:0.958 
Buatt, A. H., Editor. Organic syntheses. 
Collective volume II 
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Furnas, C. C. Manual of industrial chem- 
istry. VolumesI and II. Sixth edition. 
Edited by the late ALLEN RoGERs (B).. 


GADDIS, SHIRLEY. An apparatus for 
semimicro evaporations (Ar).......... 
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supply for small schools (Ar)......... 
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Ww. Forbes. Painting materials (B). 
Grsson, Cotonget A. Chemical aspects of 
civilian defense ree re 
Giiman, Henry, Edstor-in-Chief. Organic 
chemistry. An advanced treatise (B). 
GINELL, RoBERT. Acids and bases: Acriti- 
cal reévaluation (Ar)..............6. 
—See SPOERRI, P. E. 
GLASSTONE, SAMUEL. Introduction to elec- 
ee DC) eee 
—AND VIOLETTE. The food you eat. A 
practical guide to home nutrition (B). 


GLASSTONE, VIOLETTE.—See GLASSTONE, 
SAMUEL. 

Gnup1, MARTHA TEACH.—See SMITH, CYRIL 
STANLEY. 


Gorpon, New E. The section, division, 
and journal of chemical education (Ar) . 

Gore, Rosert C. Infrared spectroscopy as 
an organic analytical tool (Ar)........ 

Gorin, Manue_ H.—See ABRAMSON, HAR- 
OLD A. 

GRAHAME, Davin C. The nature of the elec- 
trical double layer (Ar).............. 

GRASSEL, EUGENE E. A model demonstrat- 
ing the cyclotron principle (Ar). 

Gray, Dwicut E. Man and his physical 
world | rR Rae er ae 

GRUMMITT, OLIVER. 
Ns ee ee ere 

—See BurK, R. E. 

GUERRERO, ANTONIO PEROL. Compilation 
of Nuevo diccionario tecnico-com- 
EE UND si ono 5a Fs we-4se bose es &s'9 G0 


HAGGARD, HOWARD W.—Scee HENDER- 
SON, YANDELL. 

Haun, Friepricu L. (Translated by RALPH 
E. Orsper) A simple derivation of the 
existence of a nn temperature (Ar). 

Hay, WiiviaM T. (C 

Cubic centimeters OF milliliters cc). 

Haney, J. J.—See Hickey, ; 

HANNAN, SISTER M. Consiiia. The scienti- 
fic method as applied to different fields 
er IIE COR ox. 0 5s 00500 sence wens 

Harrow, — Textbook of biochem- 
istry (B). 

HAUBEN, SAUL 'S. AND RICHARD S. SIEGEL. 
A simple demonstration of the oxida- 
tion of ammonia to nitric acid (Ar)... 

Hauser, Ernst A. (C)... 

Our rubber problem (Ar) ..............0. 
This nation will need more chemists after 
eee | Se er ar ee eee 

HAYWARD, CARLE R. Extraction of metals 
DC OR ONS D:, 5c Giatoo hou keine scewty ices 

HAZELHURST, THOMAS H. AND FRANK J. 
FornorF. Representation of periodic 
properties of the elements (Ar)........ 

HEIMERZHEIM, CHARLES J. Hydrogen sul- 
fide generator (Kipp principle) (Ar)... 

Some hints on how to study (Ar)........ 

HENDERSON, YANDELL AND Howarp W. 
HaGGarRD. Noxious gases and the prin- 
ciples of respiration influencing their ac- 
Se Re eS ee ee 

Hernvon, Tuomas C. A simple water still 

Ar 


Herscu, P. An autocatalytic ~ veaenseaagi to 
illustrate virus growth (Ar).. 

Hessku, F. A.— See Hesset, M. Ss. 

HESSEL, M. S., W. J., MurpHy, AND F. A. 
Hesse_. Strategic materials in hemi- 
SS DURNENE LE)... 5 ssc ccow ecb bwce 

Hickey, F. C. anp ALBERT W. CLAFLIN. 
Chemical indentification of war gases 

Py ee See eee een ee 

—AND J. J. HANLEY. Note on the synthesis 
of triphosgene for war gas identification 
ae rt rrr ee 

The preparation of war gas identification 
sets (Ar).... 

Hui.., G. ALBERT AND Louise KEuiey. Or- 
ganic chemistry (B)................. 

Hitt, Terre. L. anv S. ARONOFF. 


Linear properties of solutions (Ar)..... 
Hirst, Cpt. RoGER R. V-mail letter (C). 
Hovtmes, Epwarp O. An easily constructed 

precision melting point apparatus (Ar). 
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Hovmegs, Harry N. Strategic materials and 
national strength (B)................ 
Hopkins, B. SmitH. General chemistry for 
I TEE 66:0 o ok AG nes Ava ones 
Howarp, CHARLES D. Chemists and the 
teaching of chemistry (Ar)........... 
Hoyt, SAMUEL L. Metals and alloys data 
eS | EP eee 
Hupson, Roy P. The blast furnace (B)... 


IPATIEFF, V. N. Modern science in 
Russia (Ar) PRE Pe ee ee Se Ee 
Irwin, K. Gorpon. Foot/cubic foot/ounce 
CV ee een 


IssEROW, SAUL.—See ZAHND, HuGo. 


JACKSON, V.T. A plea for the cubic cen- 
timeter (C)... 
Jacoss, Morris B. Protection of food 
against chemical attack (Ar).......... 
JEFFERSON, THOMAS. Report on the 
method for obtaining irach water from 
ST Ce a ays 
JouHNSON, Martin W.—See SVERDRUP, H. 


Jongs, T. O.—See MELDRUM, W. B. 


KALICHEVSKY, V. A. The amazing 
petroleum industry (B).............. 
Kapp, Mary E.—See Dossins, J. T. 
KgE.viey, Loutse.—See Hii, G. ALBERT. 
Keyes, DoNnALpD B. AND A. GARRELL DEEM. 
Chemical engineers manual (B)....... 
KESSEL, WILLIAM G. Doing a job? Yes! 
RON hae nik ihe.vs aa 0) > ajareueteterne « puaraich al tune: 
KHARASCH, NORMAN AND HELEN S. MACK- 
ENZIE. Essentials of college chemistry 


KINKEAD, BEATRICE—See NECHAEV, I. 

KipvinGer, C. C. Elementary spark spec- 
PRIM UEIOIN URED, 5.0.5. 5-60, 6:0:0:5:0 4:8 o'er 

KIRKWOoD, JoHN G.—See CoHN, EpwIn J. 

KisTLer, S. S.—See KRAEMER, E. O. 

Koeck, ‘Martin. —See CHERONIS, NIcHO- 
Las D. 

Koun, Moritz. A chapter of the history 
of chemistry in Vienna. Adolf Lie- 
ben, 1836-1914; Zdenko Hans Skraup, 
Oe ree 

Demonstration of some properties of 
IUNED CED 6 65.06 ose st shes 
Preparation of bromanil and pentabromo- 
phenol from phenol (Ar)............. 

KRAKAUER, S.— See CURTMAN, L. J. 

KRAEMER, E. O., F. E. BARTELL, AND S. S. 
KistLer. Advances in colloid science, 
eo rare ae te eer 

Kusina, Conrap.—See GAppis, SHIRLEY. 

KUEBEL, ALICE. Women in Chemistry (Ar) 

—See SAFFORD, Hurp W. 


LANKFORD, FRANCIS C., Jr. Indi- 
vidual versus demonstration method 
of teaching science (Ar).............. 

LEAKE, CHAUNCEY D. AND Davip F. 
MarsH. The action of war gases (Ar). 

LEICESTER, HENRY M. The New Almaden 
mine, the first chemical industry in 
CE CED ccccsciennassccceacsaen 

Lrinp, S. C. (C) 

LINHORST, E. F. A list of elementary or- 
ganic compounds (Ar)............... 

Louise, SIsTER CeciL1A. Kem-check (Ar). 

LucassE, WALTER W., DExTER B. PattTI- 
SON, AND JOHN G. MILLER. Simplified 
calorimetric studies of various types 


LupverR, W. F. Electron configuration as 

the basis of the periodic table (Ar).... 

The periodic (7) table (C).. 6 icccscccces 
~—See McGuire, W. S. 


MACDOUGALL, FRANK H. 
BARS re 

MACKENZIE, HELEN S.—See KHARASCH 
NorMAN. 

Macy, Rupo.ipH. Organic chemistry 
EN bse s 608 Salis 0 dnt tion 

Ma.isorF, WiLttt1AM Marras, Editor-in- 
chief. Dictionary of bio-chemistry and 
Pelated GRACE TA)... soos s.0.50 0 ewsyse 

MANNING, E.Liis L.—See REYNOLDS, NEIL 
B 


MARANVILLE, L. F.—See Repticn, O. 

MarpLeE, Howarp A. Slossonizing busi- 
ness and industry (Ar)............... 

Marsu, Davip F.—See LEAKE, CHAUNCEY 


Mayer, Fritz. The chemistry of natural 
coloring matters. Translated and re- 
vised by. A. TH. COOm OB) isc cic scence 

Maynarp, J. Lewits.—See SNEED, M. Can- 


NON. 
McCLetuanp, E. H. “Slips that pass in 

the night”; a plea for accuracy in 

printed material (Ar)................ 
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McGavock, WILLIAM. Method of sealing 
fused silica tubes (Ar)........s-se00- 
McGiL_, Martin V. High-school science 
eng the man-power problem, a report 
McGuire, W. S., W. F. Lupgr, anp Sa- 
VERIO ZUFFANTI. Teaching the elec- 
tronic theory of acids and bases in the 
general chemistry course (Ar)....,.... 
MeE.LpRuM, W. B. The technical library 
and undergraduate research (Ar)... 
MELLon, M.G. Publications: pitfalls and 
problems °°" Wyeth cece by a imineHiS eae 
Meyer, Kurt H. Translated by L. E. R. 
PickEN: Natural and synthetic high 
polymers. A textbook and reference 
book for chemists and biologists (B)... 
MEYER, Martin. Iodomercurates (Ar)... 
MIDDLETON, ARTHUR R. AND JOHN W. 
WILLARD. Semimicro qualitative analy- 
sis (a brief course) (B) 
oa Joun G.—See Lucassez, WALTER 


MOELLER, THERALD—See AUDRIETH, L. F. 
Moore, JoHn W.—See FurGaAson, Cart M. 
Moore, WILttaAM CABLER. Gas defense 
Orpnminations (Ag)... .s6cccevedcceses 
Moos, Gitsert E. Exit the splash (C)... 
Moyer, LAWRENCE S.—See ABRAMSON, 
HAROLD A. 
MUELLER, Hans—See Coun, Epwin J. 
Munoz, FRANK J. in collaboration with 
Harry A. CHARIPPER. The micro- 
SCO OU IEG WON GI oo 6 68k ccs vvesc es 
Murphy, W. J.—See HEsSEL, M. S. 


NAIMAN, BARNET—See RieMan, WiL- 
L1AM, III 
NECHAEV, I. Chemical elements. Trans- 
lated by BEATRICE KINKEAD (B)...... 
NEEDHAM, JOSEPH. Biochemistry and mor- 
SI a eee v's gh os dee cos sv cess 
NevuHOF, MarRK. Do you know your peri- 
GEE SRE GR civcnn ce cinesccarscvcoe 
Did you know your periodic table? 


(Ar 
——, Jacos D.—See RIEMAN, WILLIAM, 
ai. 


NeEwMARK, Maxim. Dictionary of science 
and technology (B) 
NICHOLSON, First LIEUTENANT DOUGLAS 
fh aes agents as screening smokes 
Rr rey Wan er ae 
NortTH, DeEexTER. Contributions of the 
office of Alien Property Custodian to 
chemical research (Ar)............... 


OESPER, PETER. Equilibrium problems 
with more than one solution (Ar)..... 

OgSPER, RALPH E. Nicolas Leblanc (1742- 
RM SM Ss 5p oo 8 00 Aid's asbialosocd fare a 

The recovery of tin from tin cans (Ar).... 

—See FEIGL, FR1T2. 

—See HAHN, FRIEDRICH L. 

Onc.Ley, J. L.—See Coun, Epwin J. 


PARSONS, JAMES B.—See CHERONIS, 
NicHovas D. 
PATTISON, DEXTER 
WALTER W. 
PercivaL, G. P. Mirror used to show spot 

WRN COREE CIN a oc. 5.00/4: 60 05.4 4,44 68a cleo 
PHILtips, Max. Benjamin Chew Tilgh- 
man, and the origin of the sulfite proc- 
ess for delignification of wood (Ar)..... 
PICHLER—See BENEDETTI-PICHLER. 
PickeTT, Lucy W. Developments in the 
teaching of analytical chemistry (Ar).. 
PLUNGUIAN, Mark. Cellulose chemistry 


(B. 
——" Epwarp. The war on cancer 
(B 


B.—See Lucasseg, 


POLLARD, ERNEST AND WILLIAM L. Davip- 
son. Applied nuclear physics (B).. 
PorTMAN, EpitH. Keeping up with techni- 

cal books WM ore are ecalaiy ana esse odin 
Post, Howarp W. The chemistry of the 
aliphatic orthoesters ( 
Proctor B. E. Dehydrated and com- 
pen Gees GEE oc cs cose scsusepece 


QUILL, L. L.—See Garrett, A. B. 


RAHRIG, MARY JO. The synthetic vita- 
mins and their relation to defense (Ar) . 
Rask, O. S. A graphic representation of 
intermediary metabolism (Ar)........ 
REDLICH, O. AND L. F. MARANVILLE. The 
silver chloride electrode (Ar).......... 
REIGEL, Emit R. Industrial chemistry (B) 
REYNOLDS, Myron B. An_ improved 
pn eg LL? reer err ere 
REYNOLDS, NEIL B. AND ELLIS L. MANNING, 
Editors. Excursions in science (B). . 
RIEMAN, WILLIAM, III, Jacos D. NEUuss, 
AND BARNET Naan. Quantitative 
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RRMNIEE Conk cates evie-nesese tate 60 
Ritzman, E.G. Calories in wartime (Ar).. 
RoGers, ALLEN—See Furnas, C. C. 
RONNEBERG, CONRAD E.—See CHERONIS, 

Nicuovas D. 

RUKEYSER, MuRIEL. Willard Gibbs (B)... 


SAFFORD, HURD W. anp Atice Kue- 
BEL. Preparations and properties of 
ammonium diuranate (Ar)........... 

Sasso, JOHN. Notes on prepesing a manu- 
script for publication (Ar). . 

ScaTCHARD, GEORGE—See Coun, Epwin O 

ScaTTERGOOD, ALLEN. A student experi- 
ment and lecture demonstration: Mix- 
ture versus compound (Ar)........... 

SCHMELZLE, A. The use of steel alloys 
as unknowns in elementary qualitative 
SMEAR CN ass aan 6 San cae Sala area 

Scott, EuGENE W. Organization of gas 
defense in the United States Citizens 
Defense Corps (Ar)...........--+++2. 

SHEIBLEY, FRED E. Carl Julius: Fritzsche 
and the discovery of anthranilic acid, 
PRE I ao ea soso eale vce «Ogi esate 

SHERMAN, HENRY C. The science of nutri- 
tion (B) ye ESR ee re eee 

SHRADER, Major Ear A. Methods of ex- 
tinguishing ay pana 05 bombs (Ar).. 

SIEGEL, R1IcHARD S.—See HAUBEN, Sau S._ 

Sister, Harry H. AND CALVIN A. VANDER- 
WERF. Modern theory: a tool in 
7 aed aap college chemistry 
Bad 45s Chess bmlehons Weead aes sarees 

SISTER CECILIA Loutse.—See Lovutse, 
SISTER CECILIA. 

StsteR M. ConsiILIaA HANNAN—See HAN- 
NON, SISTER M. CONSILIA. 

SisteR M. XAVERIA Barton, I. H. M.— 
See BARTON, SISTER M. XAVERIA, 
I.-H. M. 

SLUHAN, CLypE A. Industrial auntie 
of wetting agents (Ar)............ ‘ 

Situ, A. E.—See THIESSEN, G. W. 

SmiTH, CyRIL STANLEY AND MarTHA TEACH 
Gnupri. Translation of The _ piro- 
technia of Vannoccio  Biringuccio 
CU ERs « oh t:p0:ye omen SUES weeks s 

SmitH, EpGarR Faus. Franklin Bache, 
chemist, 1792-1864 (Ar)............. 

Jacob Green, chemist, 1790-1841 (Ar) ... 
James Blythe Rogers, chemist, 1802— 
PN CIEE 604 asare cinauecec tes wa nee oc ea's 
James Curtis Booth, chemist, 1810-1888 
7 See eer eee eee ee 
John Griscom, chemist, 1774-1852 (Ar) . 
M. Carey Lea, chemist, 1823-1897 (Ar).. 

SMITH, JuL1IaN F. Literature service for 
fuel chemists 1S Ry SN PRT ae Pe 

SmitH, WILFRED W. Patent service; an 
Po ae rare 

SmitH, Otto M.—See ARTHUR, PAUL. 

—See Burrows, J. A. 

SNEED, M. CANNON AND J. LEwis May- 
NARD. General inorganic chemistry 
(nes eee aa 

SOMERVILLE, WILLARD T. A new reaction 
of sulfanilamide (Ar)................ 

Spicer, W. M. AND J. S. MetcaLr. Rela- 
tive weights of phases present in a 
heterogenous system at equilibrium 


(Ar 
SPOERRI, P. E., H. WEINBERGER, AND R. 


i and indexing. E. J. 


Accuracy in printed material, a plea for; 
‘Slips that pass in the night.” E. H. 
McCLELLAND.. 

ans 2 acid vapor, The molecular ‘state ‘of. 


Acid, anthranilic, Carl Julius Fritzsche and 
the discovery of, 1841. FREp E. SHEIB- 


LE 
Acid, nitric, A simple demonstration of the 
oxidation of ammonia to. Sau S. 
HAUBEN AND RICHARD S. SIEGEL...... 
Acid, Sulfamic, and its uses. LEALLYN B. 


Acid-base relationships at higher tempera- 
tures. L. F. AUDRIETH AND THERALD 
Oe ap tha bce we < cotte a Raine Au 6 

Acid es acetic, The molecular state of. 


Acids and bases: A critical reévaluation. 
TROT GOUT asc rekdcwesctcence 
Acids and bases, Teaching the electronic 
theory of in the general chemistry 
course. W.F. Luper, W. S. McGuire, 
AND SAVERIO ZUFFANTI.............. 
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GINELL. Principles and practice of 
qualitative analysis (B)............. 
Srerinsacu, Otto F. A simple apparatus 
=, re in electrochemistry 

BE feat< tee ede canada wee a Oonea ea 
Laboratory experiment on deliquescence 
and efflorescence ( 
Stermsacu, W. H. Laboratory manual for 
elementary college chemistry (B)..... 
Stewart, T. D. The chemist and civilian 
defense Us ica Achaia» nica were 4a 
Srewart, O_us J. Complex compounds: 
their derivation and nomenclature (Ar) 
SrockKInGc, CHARLES H. AND ELmMon L. 


CaTatinge. Arithmetic of pharmacy 
Ue dadint sk ad bc danas Hei eal <a 
STOKLEY, JAMES Science remakes our 
LL SS ere pcre re 


STongE, CHARLES H. Nitrogen and its com- 
WE CMO wiils.s sae ca Warelen waka a 
Chemical investigations for high-school 
and junior college students (Ar).. 
Strout, G. L.—See GettTens, R. J. 
SVERDRUP, H. U., Martin W. JOHNSON, 
AND RIiIcHARD H. FLEMING. The 
oceans. Their physics, chemistry, and 
ee ee 
SWIETOSLAWSKI, W. Coke formation proc- 
ess and physico-chemical properties of 
CER ciacsas hae a No ae captains sitet 


TAYLOR, HUGH S. anv H. Austin Tay- 
Lor. Elementary physical chemistry 
CR ic dteanesn @Hes cesivaatomene es 
TEIFELD, HERMAN—See CHERONIS, NICHO- 
LAS 
THIESSEN, >) W., K. M. Beck, Anp A. E. 
SMITH. Detection of halides (Ar). 
Tuomas, W. B. Laboratory work and the 
scientific method (Ar) 
Tuompson, A. F., JR. Some aspects of the 
chemistry of explosives (Ar).......... 
THOMPSON, LIEUTENANT COLONEL THOMAS 
G. Two lecture demonstrations (Ar). . 
A 


THORPE, JOCELYN FIELD AND ° . 
WuiteELy. Thorpe’s dictionary of ap- 
plied chemistry. Volume V. Fourth 
eae ere reer 

Timm, Joun A. Putting tagged atoms to 
RR er error eer 

VAN ARSDELL, Prupence—See Ecuorr, 
GustTAv. 

VANDERWERF, CALVIN A.—See SISLER, 
HARRY 

VAN RYSSELBERGHE, PIERRE. A note on 


the limiting equivalent conductance of 

GCIAGUTONNUOE CONS. © i.e cio c.dacveccccaes 
VERHOEK, F. H.—See GARRETT, A. B. 
VonNEGUT, B. Ripple at the edge of a 

spreading monomolecular film (Ar)... 


WAHLSTROM, ERNEST E. Optical 
CEYSERIIORINDUS: Cline. oo ck bicececeace 
WALL, FLORENCE E. The principles and 
practice of beauty culture (B)........ 
The importance of technical writing in 
chemical education (Ar)........... 
Watton, J. H. Gas! (C).. 5 
WarrIcK, EaRL. A nomograph for the esti- 
mation of the activation energies of 
unimolecular reactions (Ar)........... 
WASSERMAN, Davip—See Dawson, 
CHARLES R. 
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A. C. S., Division of Chemical Education— 
See Division of Chemical Education, A. 


Action of war gases, The. CHAUNCEY D. 
LEAKE AND Davip F. MARSH......... 
Activation energies of unimolecular reac- 
tions, A nomograph for the estimation 
of the. EARL WARRICK.. 
After the war, This nation will ‘need more 
chemists. ERNsT A. HAUSER.. 
Agents, Chemical, as screening smokes. 
— LIEUTENANT Douctas G. NICH- 
SS PENIS 5 MOR GLE ie Py AE APG 
pe chewed, Vapor detector tubes and 
detector kit for some used in gas war- 
fave. Paws FP. FENTON ............. 
Agents, wetting, Industrial applications of. 
fe 8 GO eae ere 
Air — Laboratory hot. RALPH E. Dun- 
Alien ane Custodian, Contributions of 
the office of to chemical research. DEx- 
SE Sens aes os ager os o0en4 
Alloys, The use of steel, as unknowns in ele- 
mentary qualitative analysis. F. 
SEE eves cactescceosetccane 
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WEEKS, Mary Exvira. An exhibit of 
chemical substances mentioned in the 
Bible (Ar 

WEINBERGER, H.—Sce SPoERRI, P. E. 

WEINER, S. Ripening of viscose (C)...... 

WEIss, Louis. A simple demonstration of 
the law of conservation of mass (Ar).. 

WELCHER, FRANK J.—See WHELAN, KEN- 
NETH. 

WerrtHemm. E. Experiments in organic 
GR CIR is coc cutedccaeenensse 

WHELAN, KENNETH AND FRANK J. WEL- 
CHER. Alpha-picoline methiodide as a 
reagent for bismuth (Ar).. 

WuitTeLy, M. A.—See THORPE, JocELYN 


FIELD. 
WHITMORE, FRANK C. Paging the chemist 
again (C) er tes de aca we aca a ica Gn aa 


WILLarD, Hopart H. anp Harvey DIEHL. 
Advanced quantitative analysis (B).... 

WILLARD, JOHN W.—See MIDDLETON, 
ARTHUR R. 

WILLIAMS, RoGER J. A textbook of bio- 
GUID Cs so 0:6 00 coat neasiokscns 

Wituiston, AMaSA F. A method for pro- 
ducing electrolytic gas (Ar).. 

WILSON, CHARLES MorRow. Trees and 
COPE SIE Cie ois crrins ce cavecemanes 

Witson, Ernest B. Calcium carbonate to 
RE) Se ee rs eee 

WILson, WILLIAM JEROME (Introduction 
by C. A. Browne) Robert Child's 
chemical book list of 1641 (Ar). 

WINNING, J. Heat treatment of metals (B). 

Woop, Scott E. A presentation of the 
thermodynamic functions in beginning 
physical chemistry (Ar).. 

WORTHING, ARCHIE G. AND JosEPH ‘Grrr- 
NER. Treatment of experimental data 
| SPR et trate phir ee rome." yar am 

Wricut, R. H. Manual of laboratory 

glass-blowing (B)...........--+++++- 
hr sanneee state of acetic acid vapor 
Seid casita sade. C6Raer ha aes 
What’s not new in chemistry (Ar)....... 


YOUNG, RALPH C._ The Sainte-Claire 
Deville hot-cold tube and some of its 
Ct, Se ary ee 

YounGsBurG, Guy E. Preparation of gela- 
- sheets and strips of desired size 
CHENG Ces 6s cease oer awe 


ZAHND, HUGO anv Saut _IssEeRow. 
Chemical mneioay in the Old Testa- 
ment (Ar)..... 

ZAPPI, ENRIQUE V. “Translation ‘of Mellor 
quimica inorganica moderna ( 

ZSOLDOS, FRANK AND FRANK BRAKO. The 
chemistry of fire (Ar).. 

ZUFFANTI, SAVERIO. A dispenser for ‘cor- 
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—See McGuire, W. S. 
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Alpha-picoline methiodide as a reagent for 
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technologists. C. A. BROWNE........ 
Easily constructed precision melting point 
apparatus, An. Epwarp O. HoLMEs.. 
Editorials (Editor’s Outlook)....1, 53, 105, 
157, 209, 261, 313, 365, 417, 469, 521 


Education, chemical, The importance of 
technical writing in. FLORENCE E. 
Weiss bh.b cess ceenesecu tne eu manos 


The section, division, 
and journal of. New E. Gorpon..... 
Education, Public, on war gases. 
WII a. 25 5::0..4-5 0 ore ee i alela me hoes 
Education, Science, and the contemporary 
Ween, Be. We GORRAIED. 6 6 onic cs oncaess 
Education, The scientific method as applied 
to different fields of. Sister M. Con- 
SELEA BEAMNAIE 3 6 nc 0s cece scams ciesics 
Effects, Protective layer and solvent: Parts 
IV and V of Spot reaction experiments; 
Fritz Feic.. Translated by RALPH E. 
ONGPBR........+ ipa re Pn ey tt i 


Education, chemical, 


273 
271 
401 
408 
619 


444 


146 


41 


579 


40 


166 
197 
198 


257 
377 
253 


230 
233 
530 
564 
564 

59 
102 


484 
302 


115 


381 


88 


286 


239 
573 


631 
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HIS IS YOUR UNCLE SAM talking— 

but I’m going to talk to you like a 
DUTCH uncle, to keep all of us from 
going broke. 


Ever since the Axis hauled off and hit 
us when we weren’t looking, prices have 
been nudging upwards. Not rising aw- 
fully fast, but RISING. 


Most folks, having an average share 
of common sense, know rising prices are 
BAD for them and BAD for the country. 
So there’s been a lot of finger pointing 
and hollering for the OTHER FELLOW 
to do something—QUICK. 


The government’s been yelled at, 
too. “DOGGONNIT,” folks have said, 
“WHY doesn’t the government keep 
prices down?” 


Well, the government’s done a lot. 
That’s what price ceilings and wage con- 
trols are for—to keep prices down. Ra- 
tioning helps, too. 


But let me tell you this—we’re never 
going to keep prices down just by lean- 
ing on the government and yelling for 


KEEP PRICES DOWN! 


)aveRace 
CITIZEN 


‘ed 








Never mind ‘who done it-pitch in > 
and help get it down! 


the OTHER FELLOW to mend his ways. 


We’ve ALL got to help— EVERY 
LAST ONE OF US. 


Sit down for a minute and think things 
over. Why are most people making more 
money today? It’s because of the SAME 
cussed war that’s killing and maiming 
some of the finest young folks this coun- 
try ever produced. 


So if anyone uses his extra money to 
buy things he’s in no particular need of 

. if he bids against his neighbor for 
stuff that’s hard to get and pushes prices 
up... well, sir, he’s a WAR PROFIT- 
EER. That’s an ugly name—but there’s 
just no other name for it. 


Now, if I know Americans, we’re not 
going todo that kind of thing, once we’ve 
got our FACTS straight. 


All right, then. Here are the seven 
rules we’ve got to follow as GOSPEL 
from now until this war is over. Not some 
of them — ALL of them. Not some of us 
—ALL OF US, farmers, businessmen, 
laborers, white-collar workers! 





Use it up » Wear it out 
Make it do + Or do without 





/ 


a, 


Buy only what you need. A patch on) 
your pants is a badge of honor these 
days. 

Keep your OWN prices DOWN. Don’t.” 
ask higher prices—for your own labor, 
your own services, or goods you sell. * 
Resist all pressure to force YOUR) 
prices up! QO) 

Never pay a penny more than the ceils 
ing price for ANYTHING. Don’t buy 
rationed goods without giving up the 
right amount of coupons. 0 7 

Pay your taxes willingly, no matter how) 
stiff they get. This war’s got to be paid ~ 
for and taxes are the cheapest way to do it. 

Pay off your old debts. Don’t make any¢; 
new ones. 

Start a savings account and make regu- 
lar deposits. Buy and keep up life in-y 
surance. 

Buy War Bonds and hold on to them. 
Buy them with dimes and dollars ite; ‘4 
HURTS like blazes to do without. r 

Start making these sacrifices now—© 
keep them up for the duration—and this 
country of ours will be sitting pretty 
after the war... and so will you. 


btacle Far 
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